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PREFACE. 



The continued favour with which the book has been received in Great 
Bnuin has encouraged me to persevere in offering to American students 
a concise, and consequently low-priced, manual, designed to introduce 
them to the chief developments of analytical chemistry, from the simplest 
o()erations upwards, and including many organic questions generally over- 
looked in initiatory books. By working through it, a student will become 
familur with a great variety of processes, and will then be in a position 
to use, with satisfaction, the more exhaustive treatises dealing with any 
sjKTcial branch he may desire to follow. Originally written for the use 
of pharmaceutical students, it has, I hope, far passed the limits of a 
mere ''examination'' book, while not losing its value to them. Wherever 
the British processes were different from those of the U.S.P., they have 
been altered to suit that excellent and carefully compiled authority. In 
the ^bt American edition the adaptation was done by the late Dr. HamiltOHf 
and it was intended to place this one in the care of Dr. Bartley, of 
Brooklyn ; but his engagements having prevented this well-known authority 
from getting through the work in time, I have been obliged to do it myself, 
and. although conscious that I have thus lost a valuable callahorateur^ I 
trust I have suited American requirements. • 

J. IL 

South L'>nd*.>n School of Pharmacy, 

PS* KtNNlNGTON ROAD» Lu.NDO.N, S.E. 

/•/r 1898. 
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QUALITATIVE ANALYSIS. 



CHAPTER I. 

THE PROCESSES EMPLOYED BY PRACTICAL CHEMISTS. 

It b advisable that the student should understand the rahon ttetrt of the 
chief processes he will be called upon to employ, before commencing in detail 
the study of Analysis. 

I SOLTJTIOV. 

This process consists in leaving a solid body in contact with a fluid until 
It dissolves, heat being occasionally used Bodies which refuse to dissolve 
in any particular fluid are said to be insoliiUe in it ; the liquid used is called 
the tolTtBt, and sometimes the menftnmm ; a liquid having taken up all the 
solid matter possible is said to be tatonttod. A knowledge of the solubility 
of various substances in the chief menstrua, such as water, acids, alkalies, 
alcohol, ether, chloroform, and glycerine, is of the utmost importance, because 
we are thus enabled to separate one body from another ; and, by attention to 
minute details, it is possible to part bodies which are soluble in the same 
menstruum, but in diflerent degrees, the process l)eing called frcuHonal 
toiuHom. In order to ascertain if any substance be soluble in any particular 
liquid, it is simply requisite to place it in the fluid, applying heat if necessary. 
A portion of the liauid is then poured oflf, and evaporated to dryness, when, 
if any of the solid be held in solution, it will remain as a visible residue. 
As a general rule, the higher the temperature to which a li()uid is raised, the 
greater becomes its capacity for saturation. There are, however, exceptions 
to this rule— notably that of calcium oxide, which is less soluble in boiling 
water than in cold. Many bodies, during solution, absorb so much heat that 
any substance (^ced in the liquid has its temperature remarkably reduced. 
Sodium sulphate, dissolved in hydrochloric acid, forms in this manner a very 
efficient refrigerant when snow or ice is iK>t obtainable. 

n. UZIVIATIOV AVD EZTRACTIOV. 

These processes include the digestion of a mixture of solids in a fluid, so 
M to dissolve the soluble portioiL The solids, in the form of powder, are 
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introduced into a vessel, and the water or other liquid having been addedt 
the whole is well stirred. Remaining at rest until all the insoluble matter has 
subsided, the clear fluid, charged with all that was soluble in the mixture, is 
decanted, or drawn off by means of a syphon. 

When a substance is to be extracted by means of a readily volatile solvent, 
such as ether or chloroform, the arrangement used is that known 
as Soxhlet's apparatus. This is illustrated in fig i. A flask (a) 
is charged with the solvent. The substance (e) is put into a 
cartridge of filtering paper, and introduced into the Soxhlet tube 
(d) ; the latter is in turn connected with the upright condenser 
(c), through the jacket of which a stream of cold water is made 
to pass. Heat is now applied to the flask by a water bath, and 
the vapour of the ether, rising through b, condenses and drops 
on to the powder in the cartridge. When the instrument has 
become filled by the condensed solvent to the level of the 
top of F, it runs back into the flask, charged with the soluble 
matter that has been extracted. This process then repeats 
itself until the whole soluble portion has been extracted and 
transferred to the flask, which latter may then be attached to 
an ordinary condenser, and the solvent distilled off, leaving 
the soluble matters of the original powder in the flask. 
Resinous and sticky substances should be mixed with a 
little purified sand to prevent their clogging up the ap- 
paratus. 
Another method of extraction is that known as pe/oalationt 
a process much used in pharmacy. The ap- 
paratus employed is illustrated in fig. 2. The 
upper portion ^a) is the percolator, in which 
the powder to oe extracted is tightly packed 
and the solvent having been poured upon it, 
the whole is allowed to macerate for some 
time. The stopcock (c) being then opened, 
c the fluid gradually filters into the receiver (b), and more solvent is 
then poured on until the soluble portion of the contents of the 
percolator has been entirely transferred to the receiver. The con- 
necting tube is to prevent loss of volatile solvents. 




S 





fig. X. 
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m. PBECIFITATIOH. 



This process consists in mixing the solutions of two substances 

Fig. a. so as to form a third substance, which, being insoluble in the fluids 

employed, sinks to the bottom, and is called the precipitate. The 

clear liquid which remains after the precipitate has settled down is called the 

supernatant liquid. 

When precipitates are totally insoluble in water (such as barium sulphate 
or argentic chloride), the operation is best conducted at a boiling heat, the 
high temperature causing the precipitate to aggregate, so that it subsides 
rapidly, and is less liable to pass through the pores of the filter. On the 
other hand, there are some precipitates which must never be heated, but be 
allowed to form slowly by standing in the cold for several hours. To this 
class belong ammonium-magnesium phosphate, and acid potassium tartrate. 
When it is desirable to cause precipitates to form quickly, resort may be 
had to stirring with a glass rod, so that it scrapes against the sides of the 
vessel. 

In qualitative analysis precipitation is usually conducted in test-tubes 
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■hown in fig. 3. These tre kept in a stand (fig. 4) htving holes for the 
D of tubes actually in use, and also a row of pegs upon which freshly- 



Flf.* 



washed tubes may be inverted to drain. Fig- 5 illostralcs the appliance 
used to hold tubes when their contents ore to be boiled, and fig. 6 shows the 
brush tised for cleansing (hetn. 

In qtuntitatiTe analysis precipitation is generally performed in beafeart. 
Theie are Tery thin tumblers made of glasi, free from lead, and annealed so 
as to permit their use with boiling liquids without risk of fracture. 

Precipitates are separated from the supernatant liquor by one of two 
Btetliods. First :^ 




^^ 



IT. DECABTATIOH, 
which cofisiMS in allowing the precipitate to settle to 
the bottom, and pouring off the clear liquor. This ts 
best done l^ the use of a glass rod held as shown in the 
ilhistratton, fig. 7. Second '. — 

T. ?ZLTRATIOV, 
whicli contitts in transferring the whole to a piece of folded tiltering-papei 
or ck)th placed in a funnel, so that the liquid passes through while the 
precipitate remains. The liquor which has thus passed through the filter is 
called the fltnU. 

Specially prepared circular papers for filtration are sold, and they ba^x only 
la be fokled to fit the funnel for which they are destined. The illustrationi 





show, fag. 8 ia), the circle of paper, and {v.) the &.imc as folded for use, wh3e 
6g. 9 represents the whole arrangctncnt ready for use. 

TL DISTILLATIOV. 

WbcD a liquid b convTrtcd into vapour by the aid of heal, and the vapour 

ii paaaed tfaroi^h a cooling apparatus, called a condenser, its latent heat is 
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abstracted, and it is deposited as a liquid again. The process is called 
distillation. It is used to separate a volatile liquid from non-volatile substances. 
The liquid which passes over and is condensed in the receiver is called the 

dUtillata; while the non-volatile matter 
which remains in the retort is called the 
retidne. Figure lo shows the arrangement 
most commonly used in Uboratories for 
small distillations, a is the ratort in which 
the fluid is boiled, and b is called a LiaWf^a 
eondenaer (through the jacket of which a 
stream of water is caused to pan), and 
iKneath the end of this is placed a reisel 
(c) for the reception of the distillate. By 
'^ ^ careful attention to their boiling points, 

various volatile fluids may thus be separated from each other. Suppose, for 
example, that we ha\-e a mixture of three substances lx>iling respectively at 
80^, 100^, and f 2o^ and their separation is desired, we should introduce the 
mixture into a retort fitted with a thermometer, the bulb of which was placed 
just above the level of the fluid. 'Ilie whole lacing then attached to the 
condenser, the heat would \yt gradually raised until the thermometer marked 
80^, and that temperature would l>e steadily maintained as long as anything 
continued to collect in the receiver. When this ceased, the receiver would 
be changed, the temperature raised to loo^ and the distillation continued 
until the second liquid had ceased to pass over. The receiver being ocice 
more changed, the heat would l>e again raised, and maintained until the last 
liquid had been obtained as a distillate. I'his process is called fraetiOBAl 
diitillatioiL 

TIL SVBUMATIOf. 

When a solid is converted into vapour by heat, and again deposited un- 
changed in the solid form in a cooled vessel, it '\% said to have been subjected 
to sublimation. Sublimation is used to separate voktilc from nonvolatile 
solids, and \% thus conducted : — The substance to be sublimed is thinly 
spread over the bottom of a shallow iron pan, covered with a sheet of bibulous 
paper perforated with numerous pin-holes, or with a piece of muslin. By 
means of a sand bath, the heat is slowly raised to the desired degree, when 
the vapour, passmg through the strainer, condenses in a cap of wood or 
|M>rcelain, lined with stout cartridge p^pcrt previously placed over the heating- 
fian and kept cool. Fraetioiuu sablimatioa is often useful, and may l>e 
employed in a similar manner to fractional distillation. 

Tm. FunoH 

is the liquefaction of a solid by the aid of heat. It in usually earned out in 
a vessel called a crucible. For the pur|>oscs of analysis, fusion is generally 



la Si, 




conducted in |>orc el.un. platinum, or silvtr crucibles, according to the nature 
of the substance under examination ; lajt aikalies should be fused only in 
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made of the latter metal. A peculiar kind of fusion, called eupelU- 
b lesorted to in the assay of gold and silver bullion. The alloy to be 
— yed is wrapped in a piece of lead foil* and the whole is then heated in 
a little cup made of bone ash, called a eupal, when the lead, copper, etc., 
caidite, fuse, and sink into the substance of the porous cupel, leaving the non- 
imdiHiblc metab as a metallic button, which may then be weighed The 
iliostration (6g. ii) shows a set of crucibles for fusion — a being of fire-clay ; 
B, a platinum crucible ; c, one of porcelain ; and d, what is called Roses 
iwwiiUt^ for heating sul»tances in a current of hydrogen when it is desired to 
prevent access of air, or to produce rapid reduction to the metallic sute. 

n. EVAPOBATIOV 

cowifli in heating a liquid until the whole, or as much of it as may be 
icqotred, passes oflf in \*apour. A solution thus treated until it has wholly 
pMed into vapour is said to be evaporatad to dryneas, and any solid 
sobatance remaining is called the retidoe. 

Soiotions containing organic or vobtile bodies ought always to be evaporated 
on a water bath ; that is, in a vessel exposed only to the heat of boiling 
water, in which the temperature must always be below loo^ C. Evaporation 
OHy be conducted slowly, without raising the fluid to its boiling point, when 
it ia called simply Taporisatioa ; but when sufficient heat is applied, the 
evaporalion takes place rapidly, and is accompanied by the disengagement of 
bobbles of vapour, and the fluid is then said to be in a state of ebnllitioa. 
AH Kqnids possess the continual desire, as it were, to pass into vapour, and 
the vapour formed endeavours to expand indefinitely ; the pressure which is 
thos eieited by the vapour on the sides of the vessel containing it, is called 
its tension, and is measured by the height of the column of mercury it is able 
to ioitain. The more the liquid is heated, the greater becomes its tendency 
to vaporise, and consequently the more powerful is the tension of its vapour ; 
and when the latter is sufficiently marked to overcome the pressure exerted 
bf the atmosphere and the cohesion of the liquid itself, ebullition takes place. 
llie boiling point of a fluid is therefore the temperature at which the tension oj 
in vmf^mr just exeeeds thi pressure of the superincumbent atmosphere. If the 
preanre of the atmosphere be increased artificially, the boiling point of the 
oqaid will rite in proportion. As steam under pressure can thus be obtained 
at high temperatures, it is made use of for the rapid evaporation of liquids on a 
large scale, by causing it to pass into a jacket surrounding |he evaporating 
puL The apparatus thus made use of is called a steam bath^ the heat of 
which is officially understood to be about i io° C. 

If water be boiled in a chemically clean glass vessel, and more particularly 
if a prednitate be suspended in the water, the boiling does not take place 
rcfakrly, out the liquid becomes heated above its boiling point, and suddenly 
naabcs into vapour in gusu. This b called by practical chemists " bumping,'' 
and may be prevented by putting in a few fragments of platinum foil, the air 
coodeoaed on the surface of which, acting as a nucleus, aids in the regular 
daeafBgement of the vapour. 

X. CETSTALLUAnOV AHD DIALTSU. 

Many substances when dissolved in a lx>iling liquid separate out, as soon 
aa the fluid cools, in masses having a well-defined and symmetrical shape, 
boanded by plain surfaces and regular angles. 'l*hese bodies are named 
the deposited masses, eryslals; and the remaining solution, the 
Ufaor. Substances which are not susceptible of cr>!»tallisation are 
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called ABorpkott (i.r., formless) bodies ; while solids, such as g^ue and gums, 
which are soluble in water and yet not crystallisablei are named ooUoidi. 
Crystallisation may also occur during solidification after fiisiont and by the 
spontaneous eraporation of liouids holding crystalline substances in solution. 
All crystalline bodies invariably assume the same forms, and may thus be 
unmbtakably recognised from each other. The process is also useful for 
purification, as at the moment of crystallisation impurities are rejected, and 
may be poured ofi* with the mother liquor. Many circumstances affect the 
sise of the crystals produced in any solution ; as a rule, the more nqpkUy 
crystallisation takes place, the smaller are the cr>'suls. An example of the 
extreme variation in the sixe of the crystals produced from the same solution 
may be seen in ferroi*< sulphate. Wlien allowed to deposit slowly, we have 
the ordinary weU-marked commercial cr>*stals ; but the same salt dissolved in 
boiling water, and the solution suddenly poured, with constant stirring, into 
spirit, gives granulated ferrous sulphate in cr>'stals so minute that a lens \m 
requimi to distinguish them. For the formation of large and well-defined 
crystals perfect rest is required, and it \& often desirable to introduce pieces of 
wood or string so as to form nuclei on which the cr>'stals collect. Good examples . 
are seen in commercial crystallised sugar-of-milk and sugar-candy. Some bodies 
are capable of crystallising in two or more forms, and are called di- tri* or 
p<riy aorphotti. Instances of this property may be seen in mercuric iodide 
and in sulphur. 

When crystalline substances exist in a solution together with uncrystallisable 
colloid bodies, their mutual separation \% effected by dialjiia. This piocesa 
consists in introducing the mixture into a glass vessel having a bottom made 
of vegetable parchment This, called the dialyitr, \a floated in a large 

quantity of distilled water in a basin. At the expiration of 

several hours the cr>'stalline bodies will have passed through 

the parchment, and will have become dissolved in the water 

in the basin, while the colloids remain in the dial3rser. Thb 

process is sometimes employed for the separation of crystal* 

line poison, like strychnine, from the contents of a stomach. 

The rapidity of the dialysis is greatly increased liy causing 

a stream of water to pass through the outer basin, but of 

course this \% only applicable where it \m desired to retain 

*** the colloid IkxIv and not the crystalloid, as in the manufacture 

of the preparation known as diahstd tram. The apparatus used is shown in 

the illustration (fig. 12), in which a is the dialyser containing the mixture, 

while B conuins the water into which the crystalline matter 
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b the decomposition of bodies by means of elecuidty. The current of 
electricity b obtained from a Toltaie or galvaale eell or alien t» and a com- 
bination of several cells b termed a batcerj. Bunsen's Ijattery, which b very 
extensively used, consists of an outer cell or jar of glazed earthenware m 
which b placed a c> linder of zinc, an inner uni^Iazed porous jar and a rod of 
carlx>n, both furnished with binding vrcws for attaching wires to them. The 
acids used are dilute sulphuric around the linr, and strong nitric in contact 
with the carbon in the inner cell. The upj>er en<l of the carbon rod is calleil 
the fasitirt foU^ while that of the iinc plate it the mef^atwt f^it of the cell 
llie ends of the vires leading from these are called electrodes ; the wire from 
the carbon l)cing the anode, and tliat from the iinc the kaiboda. On con- 
necting theM: electro^ies, a current of clectri< ity passes along the wire which 
is assumed to fiow from the positive to the negative pole. Any compound 



PYROLOGY. 



liquid wbkh conducts electricity is called an deeirolTta, and when the 
ek^rodes of a battery are immersed therein, it is decomposed into simpler 
bodies called '^fams"; those thus formed at the anode being anions, and 
tliose liberated at the kathode being kathioas. For instance, with a solution 
of HO* Q IS given off at the anode, and H at the kathode, and the ions are 
die bodies thus directly liberated. Dealing with HjSOi, on the other hand, 
tiie first ions are Ht at the kathode, and SO4 at the anode; the latter, 
however, at once splitting up into O (given off) and SOg, which re-forms 
HsS04 with the water present 

^rarther reference to applications of electrolysis will be found in Chapter X., 
wben the student arrives at quantitative analysis. It is also applied in a 
■"^^^^^ form in qualitative analysis to the separation of tin and antimony. 

Xn. PTBOLOOT. 

Under this name are included all processes of analysis depending for their 
action on the use of fire, or in other words, what are often called " reactions 
in tki dry way" The chief instruments used are the Bunsen burner and 
the blowpipe. The Uowpipe is a tube with a narrow nozzle, by which a con- 
tinuous current of air can be passed into an ordinary flame. The ordinary 
gas flame consists of three parts : {a) A non-luminous nucleus in the centre ; 
(b) A luminous cone surrounding this nucleus ; and (c) An outer and only 
slightly luminous cone surrounding the whole flame. The centre portion (a) 
contains unaltered gas, which cannot bum for want of oxygen, that necessary 
element being cut off by the outer zones. In the middle portion (p) the gas 
comes in contact with a certain amount of oxygen, but not enough to produce 
complete combustion ; and therefore it is chiefly the hydrogen which bums 
here, the carbon separating and, by becoming intensely ignited, giving the 
lighL In the outer zone (c) full combustion takes place, and the extreme 
oTheat is arrived at, because chemical action '\% most intense. The outer 
flame therefore acts readily on oxidisable bodies, because of the high tem* 
perature and the unlimited supply of air, while the luminous zone tends to 
take away ox>'gen by reason of the excess of unbumed carbon or hydrocarbons 
therein existing. For these reasons the former n called the oxidising flame, 
and the latter the redneing flame. The effect of blowing air across a flame is, 
first, to alter the shape of the flame, which is at once lengthened and nar- 
rowed ; and, in the second place, to extend the sphere of 
combustion from the outer to the iimer part (see ^. 12 a), 
As the latter circumstance causes an increase of the heat id 
r%. !«#. the flame, and the former a concentration of that heat within 

narrower limits, it is easy to understand the great heat of the 
biow*pipe flame. The way of holding the blowpipe and the strength of the 
blasi always depends upon whether the operator wants a rtducing or an 
0xidising flame. The redycing flame is produced by keeping the jet of the 
blowpipe iust on the border of a tolerably strong gas flame, and driving a 
moderate blast across it. The resulting mixture of the air with the gas is only 
tmoerfect, and there remains between the two parts of the flame a luminous 
and reducing zone, of which the hottest point lies somewhat beyond the apex 
of the iimer cone. To produce the oxidising flame, the gas \& lowered, the 
jet of the blowpipe pushed a little farther into the flame, and the strength of 
the current somewhat increased. This serves to effect an intimate mixture 
of the air and gais and an inner pointed, bluish cone, slightly luminous 
towards the apex, \% formed, and surrounded by a thin, pointed, light-bluish, 
barely rm\:Ait mantle. The hottest part of the flame is at the apex of the 
cone. Diflkultly fusible bodies are exposed to this part to effect their 
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fiuion; but bodies to be oxidised are held a little beyotid the apex, that 
there may be no want of air for their combustion. 

The currtnt is produced by the cheek muscles alone, and not with the 
hings. The way of doing this may be easily acquired by practising for some 
time to breathe quietly with puflfedup checks and with the blowpipe between 
the lips ; with practice and patience the student will soon be able to produce 
an even and uninterrupted current 

The supports on which subsunces are exposed to the blowpipe flame are 
generally either wood charcoal, or platinum wire or foil. 

Cbiurecwl rapports are used principally in the reduction of meullic oxides, 
etc^ or in tr>'inf< the fusibility of bodies. The substances to be operated 

u(ion are put into small conical cavities scooped out with a 

1 penknife. Metals that are volatile at the heat of the reducing 

n^ flame evaporate wholly or in part upon the reduction of their 

W) oxides ; in passing through the outer flame the metallic fumes 

.^^fl^Vof are re-oxidised, and the oxide formed is deposited around the 
V^ H ^^ portion of matter upon the support Such deposits are called 
y. ^^^ incrustations. Many of these exhibit characteristic colours 
leading to the detection of the metals. Thoroughly burnt and 
smooth pieces of charcoal only should be selected for supports in blowpipe 
experiments, as imperfectly burnt and knotty pieces are apt to S{Mrt and throw 
off the matter placed on them. The method of employing a charcoal support 
it shown in fig. 12 b. 

The great use of charcoal lies (i) in its low degree of conductivity ; (a) its 
porosity, which causes it to absorb many fusible bodies and leave infusible 
ones upon its surface ; and (3) its power of aiding the effects of the reducing 
flame. 

FlatiBQm wire and foil are used for supports in the oxidising flame, and 
the former is specially employed for trying the action of fluxes and the colour 
commimicable to the blowpipe or Bunsen flame. The platinum wire, when 
cmplo>*ed for making beads of borax or other fluxes, should be about 3 to 4 
inches long, with the end twisted into a small loop. The loop is then heated, 
and dipped while hot in the powdered borax, when it takes up a quantity, 
which \% then heated till it fuses to a clear bead formed within the loop. 
When cold, this bead is moistened, dipped in the powder to be tested, and 
again exposed to the flame, and the effect noted. For trying the colour 
imparted to the fbme by certain metals, the wire is first cleaned by boiimg 
in dilute nitric acid and then holding it in the flame until no colour u 
obtained. The loop is then dipped in the solution to be tested, arui held 
near the flame till the adhering drop has evaporated to dryness, and then 
bested in the mantle of the flame near the apex of the inner cone, aiui the 
eflcct observed. 

a The Sonaott kirBtr consists of a tube having at its base a series of 

A holes to admit air, and also a small gas delivery tube. By means of 
J^ this contrivance the gas is mixed with air before it bums and more 
flH perfect oxidation, and consequently much greater heat, is secured. 
^Hy Looking attentively at the flame of a Bunsen l>umer, we distinguish in 
^^B* it an inner part and two nuntles surrounding it The inner part 
^Bb corresponds to the dark nucleus of the common gas flame, and con- 
^H tains the mixture of gas and air issuing from the Inimer. llie mantle 
^H immediately surrounding the inner part contains still some unconsumed 
V carbide of hydrogen ; the outer mantle, which looks bluer and less 

H lumirKMis, consists of the last products of combustion. The Btmsen 
'^ '"* flame is illustrated in fig. 12 ^ In it u o and L o are respectively the 
;;pper and lower oxidising flamest and u a and L a the upper and lower 
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J OMt^ Z r is the *oni of fution and U the hottest part, having s 
tenpentwe (acccnxling to Bunten) of 3,300° C The spot where the reduc- 
ing action it the ibom powerful and energetic lies immediately above the apex 
<rf the inner part of the flame. The Bunsen flame brings out the coloration 
which many tubitances impart to flames, and by which the qualitative analyst 
can delect many bodies, even though present in such minute quantities that 
an other means of analysis except the spectroscope (ail to diccover them. 
The subject of the coloration of flames will be discussed fully under eac^ 



ZnL FSBPASAHOV OF SniiFHTntBTTED HTSBOOEV. 
Thk ii done by acting upon ferrous sulphide with dilute sulphuric add. 
The illustration (fig. 13) shorn the apparatus. The ferrous sulphide, broken 
into lumps the size of a nut, is placed in the generating bottle (a), and 
dOnte sulphuric acid ii poured in by the funnel (c) in small quantities as 
leqnired. 1 is a bottle containing distilled water, ihrou^ which the gas 






nc-'s. 

passes to &ce it from any traces of acid mechanically carried over. Owing to 
the disagreeable odour, it is desirable to have special appliances, by means of 
vhkfa the evolution of the gas can be stopped as soon as it has done the work 
fcquied. Such an apparatus for use in a large laboratory is that of Kipps 
(6g. 14) ; and one suitable for use by a single student n that of Van Babo 
4^ ij). Both illustrations sufficiently explain themselves. 



CHAPTER II. 

DETECTION OF THE METALS. 

For the purposes of qualtutive analysis we employ certain chemicals^ either 
in the solid or liquid sutc, which by producing given effects enable us to 
detect the existence of the substance searched for. These substances are 
always kept ready for use, and are called rtagtnis. They are of three classes : 
ist. Group rMgenta, which, by yielding a precipitate under certain condi- 
tions, prove the substance to be a member of a certain group of bodies ; 
and, Separatorj reagenta, by means of which the subsunce under examination 
is distinguished from the other members of the group; 3rd, CoaflrBatorj 
reagenta, by which the indications previously obtained are confirmed and 
rendered certain. 

The Metals are divided into five groups, each of which has its group 
reagent, as follows : — 

Group i. Metab the chlorides of which, being insoluble in water, are precipi- 
uted from their solution by the addition of hTdroohlorie aeid. They 
are dlTtr, mereanms merciuy, and lead (the latter in cold strong 
solutions only). 
Croup a. Metals the sulphides of which, being insoluble in dilute hydro- 
chloric acid, are precipitated from their solutions by the addition of 
iolphiirtttad hydrofSB in the presence of hydrochloric acid. This 
group includes marmiry, lead, ikiaaiath, eopper, eadmium, antimoBy, 
tiii« gold, platinum, and the metalloid arsenio, and is divided into two 
tub-groups, as follows : — 

A. Metals the sulphides of which are insoluble in both dilute 
kydrochlortc acid and ammonium sulphide. The precipitated sul* 
phides separated by sulphuretted hydrogen are therefore iaatlmhU, 
after washing, in awwowiwm ialphldi. They are Boreory, kai, 
Wmath, ooppar, and iwulmiam 

B. Meub the sulphides of which, although insoluble in dilute acids, 
are dissolved by alkalies, and the precipitates from their solutions 
by ialpharettad hydrofaa therefore disv>hc in ammoniaa ialpUdt. 
They arc gold, platiaum, tin, antuaoiij, and arsenie. 

Group 3. Embraces those metals the sulphides of which arc soluble in dilute 
acids, but arc insoluble in alkalies, and which consct^ucntly, having 
escaped precipitation in («roup 1, are now in turn precipitated tiy 
^■■■imiinwi talphide. They are iron, niekel, eobalt, maBgaaaaa, and 
fiae. In this group arc likewise irM;lu<lol alominiam. oarimB, arul 
ehremiiim, which arc precipitated as hjdrataa by the alkalinity of the 
^M>#Mtiti— ialphide. K^B•ai1tm would also Ije (ireapitated as 
hydrate, but, as that woukl be inconvenient at this suge, \\% precipi- 
tation is prevented by the addition of aauRO&iam ehlorida, in which 
its hydrate is soluble. 



SIL VER. It 



Group 4. Comprises metals the chlorides and sulphides of which, being 
soluble, escape precipitation in the former groups, but the carbonates 
of which, being insoluble in water, are now preapitated by ammoniiui 
earboaato. They are barivm, itrontiiuii, and ealdnm. Hagnatiiui 
is not precipitated as carbonate, owins to the presence of the anrmqiiiimi 
eUoriae already added with the sulphide in Group 3. 

Gbouf 5. Includes metals the chlorides, sulphides, and carbonates of which, 

being soluble in water or in ammoniom eUoride, are not precipitated 

\ff any of the reagents already mentioned They consist of magna- 

•tam* lithiam, potastiam, sodiam, and aiainmiiaia 

As the analytical grouping of the metals is undoubtedly one which is most 

important to the student for practical purposes, we shall adhere to this 

arrangement in giring the methods for their detection. 

GBOXTP I. 

Metab precipitable as ehloridM by the addition of hydrochloric acid to 

their solutions. 

L 8ILVEB (Ag). 

(fl) WET REACTIONS. 

(To be practised upon a solution of argentic nitrate — AgNO|.) 

I. I^drogta ohloiide (hydrochloric acid) — HCl (ix/ group reagent)^ox any 
soluble chloride gives a curdy white precipitate of argentic chloride — 
AgO — insoluble in boiling nitric acid, but instantly soluble in ammo- 
nium hydrate. It is also soluble in KCN, Na^S^Oi, and in strong 
solutions of soluble chlorides. 

f. PMaoiam hydrate— KHO— or sodiam hydrate— VaHO — both produce 
a brownbh precipitate of argentic oxide — AgsO — insoluble in excess. 
A similar effect is produced by the hydrates of barium, strontium, and 
caktum. 

3. Potaiaiam ehromata — K^CrO^ — gives a red precipitate of argentic chromate 

— AgjCrOi — soluble in large excess of fx>th nitric acid and ammonium 
hydrate ; and therefore the solution should always be as neutral as 
possible. 

4. Hydrogea salphide — EfS— and ammoaiaa hydrogen sulphide — HH4H8 — 

both produce black argentic sulphide — AgfS — insoluble in excess, 
both soluble in strong boiling nitric acid. 

5. Fatasiiwin iodide— KI~and potassiam bromide—KBr— both produce 

curdy precipitates, the former yellow argentic iodide — Agl — insoluble in 
ammonium hydrate, and the Utter argentic bromide — AgHr — dirty-white 
and slowly soluble in ammonium hydrate. 

6. PeCasaiam eyanide — KCH — gives a curdy-white precipitate of argentic 

cyanide — AgCN — readily soluble in excess, and also in boiling strong 
nitric acid. 

7. Many organic salts, such as formates and tartrates, boiled with solutions of 

silver, precipitate the metal as a mirror on the tube. 
S. Fragments of copper, zinc, iron, and tin, introduced into a solution of 
stiver, all precipitate the metal. 

(b) DRY RE ACTION. 

(To be practised on argentic oxide — AgsO.) 

Mixed with sodium carbonate and heated on charcoal l)efore the blowpipe, 
a bead of siUer is formed, hard, glistening, and soluble in nitric acid, yielding 
solution of argentic nitrate to which the wet tests may be applied. 
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n. HEECTTEOSTTH (Hg)^ 

(a) WET REACTIONS, 

(To be practised on a solution of mercurous nitrate — Hg (NOs) prepared by 
acting upon a globule of mercury with cold and dilute nitric acid.) 

1. HCl (\5t group reagent) gives a white precipitate of mercurous chloride, — 

HgCl — turned to black di-mercurous-ammonium chloride — NHsHgaCl 
— by ammonium hydrate. It is also insoluble in boiling water, but 
soluble in strong nitric acid, being converted .into a mixture of mercuric 
chloride — HgClj — and mercuric nitrate — Hg(N03)2. 

2. KHO and KaHO both give black precipitates of mercurous oxide — Hg^O — 

insoluble in excess. 

3. Ammonium hydrate— NH4HO — produces a black precipitate of dimer- 

curous-ammonium nitrate — NHjHgjNOsHjO — also insoluble in excess. 

4. Stannous chloride — SnCL) — boiled with the solution causes a grey precipitate 

of finely divided mercury, which, if allowed to settle, and then boiled 
with hydrochloric acid and some more stannous chloride, aggregates 
into a globule. 

5. EI gives a green precipitate of mercurous iodide^ HgL 

(b) DRY REACTION. 

(To be tried upon mercurous iodide.) 

Mercurous compounds when heated first break up into the corresponding 
mercuric salt and metallic mercury, and finally sublime imchanged. 

m. LEAD (Pb). 
(a) WET REACTIONS. 
(To be practised on a solution of plumbic acetate — Pb(C2H50,)|.) 

1. HCl {1st group reagent) forms in cold strong solutions a white precipitate 

of plumbic chloride — PbCls — soluble in boiling water. 

2. HjS after acidulation by HCl (2nd group reagent) gives a black precipitate 

of plumbic sulphide — PbS — insoluble in ammonium sulphide. By 
treatment with boiling strong nitric acid it is decomposed, partly into 
plumbic nitrate, but chiefly into insoluble plumbic sulphate. It is 
entirely dissolved by hot dilute nitric acid with separation of sulphur. 

3. Hydrogen sulphate (sulphuric acid)—^fL^O^ — gives a white precipitate of 

plumbic sulphate — PbSOi — slightly soluble in water, but rendered 
entirely insoluble by the addition of a little alcohol. It is decomposed 
by boiling strong hydrochloric acid, and is also freely soluble in 
solutions of ammonium acetate or tartrate, containing an excess of 
ammonium hydrate. 

4. K3Cr04 gives a yellow precipitate of plumbic chromate — PbCr04 — insoluble 

in acetic and very dilute nitric acids, but soluble in strong boiling 
nitric acid. 

5. KI gives a yellow precipitate of plumbic iodide — Pbl, — soluble in 33 parts 

of boiling water, and crystallising out on cooling in golden scales. 

6. KHO and KaHO both cause white precipitates of plumbic oxy-hydrate — 

(PbO), Pb(HO)s — soluble in excess, forming potassium or sodium 

S'umbates — KjPbO, and Na^PbOs. 
,0 causes a white precipitate of a white basic nitrate — Pb(NO|HO)^ 
insoluble in excess. 
8. KCH produces a white precipitate of plumbic cyanide — Pb(CN)| — insoluble 
in excess, but soluble in dilute nitric acid. 
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9. AlksUM Outeulat cause a precipitate of (PbC0a)tPb(H0)9— '' white 
lead " — insoluble In excess, and also in potassium cyanide. 

iQw Fragments of «nc or iron in the presence of a little acetic add cause the 
separation of metallic lead in crystalline laminas. 

(3) DRY REACTION. 

(To be practised on red lead— PbjOi, or litharge— PbO.) 

Heated on charcoal in the inner blowpipe flame, a bead of metallic lead is 
fanned, which is soft and malleable, &nd soluble in dilute nitric acid The 
solution thus obtained gives the wet tests for lead. 

GBOXTP n. 

Metals which are not affected by acidulation with hydrochloric add, but are 
by passing sulphuretted hydrogen through the acidulated solution. 



DIVISION A. 

Metals which, when precipitated by sulphuretted hydrogen as above, yield 
solphides insoluble in ammonium sulphide. 

L IBECmiCTrM (Hg)." 
(a) WET REACTIONS. 

(To be practised on a solution of mercuric chloride — HgGf.) 

u K|S 4tf^ acidulation by HCl (211^ group reagent) gives a black predpitate 
of mercuric sulphide — HgS — insoluble in ammonium sulphide and 
nitric acid, and only soluble in nitro-hydrochloric add. Care must be 
taken that the sulphuretted hydrogen is passed really in excess, and 
that the whole is warmed gently, as unless this be done, the precipitate 
is not the true sulphide, but a yellowish-brown dimercuric sulpho- 
dichloride — Hg^SClt* Although insoluble in any single add, mercuric 
sulphide may be caused to dissolve in hydrochloric add by the addition 
of a crystal of potassium chlorate. 

a. KHO or VaHO both give a yellow precipitate of mercuric oxide — HgO— 
insoluble in excess. 

3. IH«HO produces a white precipitate of an insoluble mercuric-ammonium 

chkmde — (NH|Hg)Cl — also insoluble in excess. 

4. XI yields a red predpiute of mercuric iodide, soluble in excess both of 

the predpitant and the mercuric salt 

5. ImCI^ boiled with a mercuric solution, first precipitates mercurous chloride, 

and then forms metallic mercury, as in the case of mercurosum 
compounds. 

6. llki]iai» Oarbonatai (except ammonium carbonate) produce an immediate 

reddish-brown predpitate of mercuric oxy-carbonate. 
y. Fragments of Cu, Zn, or Fe precipitate meullic mercury in the presence 
of dilute hydrochloric acid. 

(h) DR Y REACTION. 

(To be tried on mercuric oxide — HgO— and on " Ethiops mineral " — HgS.) 

AU wmfcunds of mereury art volatile by heat ; the oxide breaking up into 
oxygen and mercury, which sublimes, while the sulphide sublimes unaltered 
onlen previously mixed with sodium carbonate or some reducing agent 
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n. BISMUTH (Bi). 

(a) WET REACTIONS, 

(To be practised upon bismuth suhnitrate^ dissolved in water by the aid of 
the smallest possible quantity of nitric acid, and any excess of the latter 
carefully boiled off. This solution will then contain bismuth nitrate — 

Bi(N0,)8. 

1. H3S after acidulation by HCl (2nd group reagent) gives a black precipitate 

of bismuth sulphide — BijSs — insoluble in ammonium sulphide, but 
soluble in boiling nitric acid. 

2. H3SO4 gi ves no precipitate (distinction from lead). 

3. NH4HO, KHO, and NaHO, all give precipitates of white bismuth ous hydrate 

Bi(H0)3 — insoluble in excess, and becoming converted into the yellow 
oxide — BijOs — on boiling. 

4. Water — H3O — in excess to a solution in which the free acid has been as 

much as possible driven off by boiling, gives a white precipitate of a 
basic salt of bismuth. This reaction is more delicate in the presence 
of hydrochloric than of nitric acid ; and the precipitate, which is in this 
case bismuth oxy-chloride — BiOCl — ^is insoluble in tartaric acid (dis- 
tinction from antimonious oxy-chloride). 

5. XjCrOi yields a yellow precipitate of bismuth oxy-chromate — Bij02Cr04 — 

soluble in dilute nitric acid, but not in potassium hydrate (distinction 
from plumbic chromate). 

6. EI gives brown bismuthous iodide, soluble in excess. 

7. Alkaline Carbonates give white precipitates of bismuth oxy-carbonate, 

insoluble in excess. 

8. Fragments of zinc added to a solution of bismuth cause a deposit of the 

metal as a dark grey powder. 

iP) DRY REACTION 

(To be practised upon bismuth subnitrate,) 

Mixed with sodium carbonate — Na^COg — and heated on charcoal before the 
blowpipe, a hard bead of metallic bismuth is produced, and the surrounding 
charcoal is incrusted with a coating of oxide, deep orange-yellow while hot 
and pale yellow on cooling. 

m. COPPEK (Cn.) 

{a) WET REACTIONS. 

(To be practised with a solution of cupric sulphate — CUSO4.) 

1. HjS after acidulation with HCl {2nd group reagent) forms a precipitate of 

brownish-black cupric sulphide — CuS — which is nearly insoluble in 
ammonium sulphide, but soluble in nitric add. Its precipitation is 
prevented by the presence of potassium cyanide (distinction from 
cadmium). When long exposed to the air in a moist state, it oxidises 
to cupric sulphate and dissolves spontaneously. 

2. NHaHO causes a pale blue precipitate instantly soluble in excess, forming a 

deep blue solution of tetrammonio-cupric sulphate — (NHj)4CuS04H,0. 

3. Potassium ferrocjranide-— B[4Fe(CN)g — yields a chocolate-brown precipitate 

of cupric ferrocyanide — Cu2Fe(CN)«. This test is very delicate, and 
is not affected by the presence of a dilute acid, but does not take place 
in an alkaline liquid. 
^ 4. KHO or HaHO precipitates light-blue cupric hydrate — Cu(HO), — ^insoluble 
in excess, but turning to black cupnc oxy-hydrate — (CuO)2Cu(HO)2 — 
on boiling. 
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•odfaui ttftrmtt {Rockeile /oA)— KHaC A0«— and VaHO added 
tucoesshrely, the Utter in excess, produce a deep blue liquid (Fehling's 
solotionX which, when boiled with a solution of glucose (grape sugar) 
deposits brick-red cuprous oxide — Cu|0. 
6i The AUBaUBa Outeulas predpiute Cu(HO)|CuCO|. 
7. Fragments of «nc or iron precipitate metallic copper from solutions 
acidubued with HCl 

(b) DRY REACTIONS. 

(To be practised upon cupric oxide — CuO— or verdigris — Cu,0(C,H,0,)|.) 

I. Heated with Na,COi and KCN on charcoal, in the inner blowpipe ftame, 

red scales of copper are formed, 
s. Heated in the honoL bead before the outer blowpipe flame, colours it green 

while hot and blue on cooling. By carefully moistening the bead with 

SnGs and again heating, this time in the inner flame, a red colour is 

produced. 

17. CADMnni (Od). 

(a) WET REACTIONS. 

(To be practised with a solution of cadmium iodide — Cdl|.) 

t. K^ 4tfter aeidulation with HCl (2nd group reagent) gives a yellow precipi- 
tate of cadmium sulphide-— CdS — insoluble in ammonium sulphide, 
but soluble in boiling nitric acid. Tliis precipitate does not form 
readily in presence of much add ; but its production is not hindered 
bj the addition of potassium cyanide (distinction from copper). 

%. IHgAO produces a white predpitate of cadmium hydrate — Cd(HO)| — 
soluble in excess. 

\ KHO or VaHO both give predpitates of cadmium hydrate — Cd(HO)| — 
insoluble in excess (distinction from zinc). 

4. iltaliia Oarbonates predpitate cadmium carbonate — CdCOi — ^insoluble 



(b) DRY REACTION 

(To be practised on cadmium carbonate— CdCO|.) 

Heated on charcoal before the blowpipe, a brownish incrustation of oxide 
■ p ro du ced, owing to reduction of the metal and its subsequent volatilisation 
and ondation by the outer flame. 

DIVISION B. 

Mctalf which are predpiuted by sulfriiuretted hydrogen in the presence of 
hyd io ch loric acid, but yield sulphides which are soluble in ammonium sulphide. 

L AB8EII0 (As). 

{a) WET REACTIONS 

(To be practised with a solution of arsenious anhydride in boiling water 
slightly addulated by hydrochloric add.) 

i. B^ mfkr modulation with HCl, causes a yellow predpitate of arsenious 
sulphide — As^i — soluble in ammonium sulphide, forming ammonium 
solpharsenite— (NH«),AsS|—but insoluble in strong boiling hydro- 
chloric add (distinction from the sulphides of Sb and Sn). This 
precipitate is also soluble in cold solution of commerdal carlx>nate of 
ammonia (distinaion from the sulphides of sb, Sn, Au, and Pt). Dried 
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and heated in a small tube with a mixture of Na^COs and KCN, it 
yields a mirror of arsenic. (Detects i part of As in 8000.) 

2. Boiled with KH and a fragment (^Zino, arseniuretted hydrogen — AsHs — 

is evolved, which stains black a paper moistened with solution of 
argentic nitrate and held over the mouth of the tube during the ebul- 
lition {Fieitmann^s test), 

3. Boiled with \ of its bulk of HCl and a slip of Copper, a grey coating is 

deposited on the copper of cupric arsenide. On drying the copper 
carefully, cutting it into fragments, and heating in a wide tube, a 

crystalline sublimate of arsenious anhydride — Asfi^ — 
is obtained, which, when examined by a lens, is seen to 
be in octohedral crystals, and, when dissolved in water, 
gives a yellow precipitate of argentic arsenite — AgsAsOs 
— ^with solution of ammonio-nitrate of silver {ReincKs 
test), (Detects i part As in 40,000.) 
4* Placed in a gas bottle furnished with a jet (illustrated in 
the margin), together with dilute sulphuric or hydro- 
chloric acid and a few fragments of zinc, arseniuretted 
hydrogen — AsHj — is evolved, which may be lighted 
^^^' *^ at the jet, and burns with a lambent flame, producing 

AsgOg. If a piece of cold porcelain be held in the flame, dark spots of 
arsenic are obtained, readily volatile by heat and soluble in solution 
of chlorinated lime {Marsh's test), (Detects i part As in 200,000,000.) 

Note, — For reactions of arsenites and arseniates, see Acid Radicals. 

{b) DRY REACTION. 

(To be practised on arsenious anhydride — AsjO^) 

Heated in a small tube with Na^COs and KCN, a mirror of arsenic is pro- 
duced, accompanied by a garlic-like odour. The same efiect may be produced 
with black flux. 

n. AlfTIMONT (Sb). 

(a) WET REACTIONS. 

(To be practised with a solution of tartar emetic (K(SbO)C4H40e),.H,0.) 

1. HgS, after acidulation by HCl, causes an orange precipitate of antimonious 

sulphide — Sb^Ss — soluble in ammonium sulphide, forming ammonium 
sulphantimonite — (NH4)3SbS8 — also soluble in strong boiling hydro- 
chloric acid, forming antimonious chloride — SbCl| — but insoluble in 
cold solution of commercial carbonate of ammonia. 

2. KHO and HaHO produce precipitates of antimonious oxide readily soluble 

in excess to form antimonites (KsSbOs or Na|SbOi). 

3. Acidulated with HCl and introduced into a platiniim dish with a rod of 

zino so held that it touches the platinum outside the liquid, a black 
stain of metallic antimony is produced closely adherent to the platinum. 
This stain is not dissolved oy HCl (tin reduced in the same manne 
is granular and soluble in boiling HCl). 

4. Beinoh s test (see Arsenic) produces a black coating on the copper, which, 

when heated, forms an amorphous sublimate of Sb^Os close to the copp^ 
and insoluble in water, but dissolved by a solution of cream of t^utaf 
in which H^S then produces the characteristic orange sulphide. 

5. Marsh's test (see Arsenic) yields stains of antimony on the porcelain, not 

nearly so readily volatile by heat as in the case of arsenic, and not 
discharged by solution of chlorinated lime. 
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*• twt will not act with antimony at all (distinction from 
aitenic). 

{b) DRY REACTION. 

(To be practised on antimonious oxide— Sb^Oi.) 

Heated co charcoal with Na^COj and KCN before the blowpii)e, a bead 
cf flOfftallic antimony is formed and copious white fumes of the oxide are 
produced. 

m. TDT (8nB or 8n>^). 

{a) WET REACTIONS. 

fTo be practised with a solution of stannous chloride — SnQ, — and one of 
stannic chloride — SnCU — prepared by wanning the stannous solution with 
a little nitric acid.) 
I. H|B» 4tft€r aaduiatiom with HCl, produces a brown or yellow precipitate 
of SnS or SnS^ respectively, both soluble in ammonium sulphide and 
^^ in boiling hydrochloric acid, 
a. KHO or ffaHO both produce white precipitates of Sn(HO)s or Sn(H0)4, 
soluble in excess, the former to produce stannites and the latter stan- 
maia. The stannous solution is, however, reprecipitable on boiling, 
while the stannic is not. 
y IS«HO produces similar precipitates, very difficultly soluble in excess. 

4. Acidulated by HC1« and introduced into a platinum dish with a rod of 

liBet so held in the fluid that it touches the platinum outside the liquid, 
granules of metallic tin are deposited, soluble in boiling HCl, to form 
stannous chloride. 

5. HgCl, boiled with stannous salts deposits a grey precipitate of metallic 

mercury. 

(b) DRY REACTION. 

(To be practised on putty powder^SnOf) 

Heated on charcoal with Na^COi before the blowpipe, a bead of metallic 
rm m produced, and a white incrusution of oxide is formed on the charcoal 

17. GOLD (Am). 

(a) WET REACTIONS. 

(To be practised with a solution of auric chlonde — AuGs.) 

f. K^ {p^^f reagent) in the presence of HCl gives black auric sulphide 
— Au^ If the solution be hot, aurous sulphide — Au^S — falls. Both 
are only soluble in nitro-hydrochloric acid, but they are soluble in 
ammonium sulphide when it is yellow. 

a. WgHO precipitates reddish ammonium aurate, or fulminating gold— 
Ao,(NH|).0,— but KHO gives no result 

J Mftngm eookbite (oxaiic add)—'Efifi^ (or Ferroof iulphate— FeSOj 
— ^wben boiled with an acid solution throws down Au. Reducing agents 
feoerally act thus. The liquid containing the metal may exhibit a blue, 
ffeen, purple, or brom-n colour. 

4 Sm^ thiowi down a brownish or purplish precipitate known as ** purple 
of CaMtut,** consisting of the mixed oxides of gold and tin. 

}» Si, Ol* W% Pt| or almost any metal, gives a precipiute of metallic Au in 
a finely divided sute. 
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{b) DRY REACTION. 

(To be practised on any gold salt.) 
Heated on charcoal with Na^COs, the metal is produced. 

V. PLATHf ITM (Pt). 
(a) WET REACTIONS. 

(To be tested with a solution of platinic chloride — PtCU.) 

1. H^S {2nd group reagent) in presence of HCl gives a brown precipitate of 

platinic sulphide — PtSj. This precipitate forms slowly, and is readily 
dissolved by yellow ammonium sulphide. 

2. Potassium oMoride — EGl — in presence of HCl, especially after addition of 

alcohol, produces a yellow crystalline precipitate of potassium platinic 
chloride — PtCl4(KCl)2— soluble to a moderate extent in water, but not 
in alcohol. Decomposition takes place when this is strongly heated, 
metallic Pt and KCl remaining. 

3. Ammoninm chloride — NH4GI — gives a precipitate of ammonium platinic 

chloride — PtCl4(NH4Cl)2 — which is almost identical in properties, but 
is more readily decomposed by heat, pure platinum remaining. 

4. Ln, Fe, and several other metals decompose platinic salts with the produc- 

tion of the metal. 

{b) DRY REACTION. 

(To be practised upon potassium platinic chloride — PtCl4(KCl)j.) 

Heat on charcoal, with or without NajCOj, before the blowpipe. The 
metal is produced by reduction. 



GROUP III. 

Metals which escape precipitation by sulphuretted hydrogen in presence 
of hydrochloric acid, but which are precipitated by ammonium sulphide in the 
presence of ammonium hydrate, ammonium chloride having been previously 
added to prevent the precipitation of magnesium. 

DIVISION A. 

Metals which, in the insured absence of organic matter, are precipitated as 
hydrates by the addition of the ammonium chloride and ammonium hydrate 
only. 

I IRON {Ferrous, Fe ; and Ferric, Fe,). 

{a) WET REACTIONS. 

(To be practised successively on solutions of ferrous sulphate — FeSO^ — ^and 

ferric chloride — Fe^Cla.) 

I. NH4HO in the presence of NH4GI {group reagent) yields either a dirty- 
green precipitate of ferrous hydrate — Fe(H0)2— or a reddish-brown 
precipitate of ferric hydrate— Fe2(H0)«. The former is slightly soluble 
in excess, but the latter is insoluble, and it is therefore preferable 
always to warm the solution with a little nitric acid, to insure the 
raising of the iron to the ferric state, before adding the ammonium 
hydrate. The presence of organic acids, such as tartaric or citric. 
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prerents the occurrence of this reaction ; and therefore, if any such 
admixture be suspected, the solution should first be evaporated to dry- 
ness, the residue heated to redness, and then dissolved in a little 
hydrochloric acid, heated with a drop or two of nitric acid, diluted, 
and lasdy, the NH^Cl and NH4HO added and boiled. 

s. flJIgHB added to a neutral or alkaline solution, produces a precipitate 
oC ferrous sulphide — FeS — which is black (distinction from Al, Ce, 
Cr, Mn, and Zn), and readily soluble in cold diluted hydrochloric 
acid (distinction from the black sulphides of Ni and Co). This re- 
action takes place even in the presence of organic matter, and the 
precipitated sulphide, if exposed to the air, gradually oxidises to fer- 
rous sulphate — FeS04 — ^tnd disappears. It is insoluble in acetic acid 
(distinaion from MnS). 

y K«F^C9)^ in a neutral or slightly acid solution, gives, with ferrous salts, a 
white precipitate (rapidly changing to pale blue) of Everett's salt — potas- 
sium ferrous ferrocyanide — K,Fe . Fe(CN)fl — and with ferric salts, a dark 
blue precipitate of Prussian blue — ferric ferrocyanide (Fe,)y(Fe(CN)«)j. 
These precipitates are decomposed by alkalies, producing the hydrates 
of iron, and forming a ferrocyanide of the alkali in solution ; but the 
addition of hydrochloric acid causes the re-formation of the original 
precipitate. 

4. F«laaaiiiai ferrieyanido — K,Fe^(C9)., — gives, with ferrous salts, in neutral 

or slightly acid solutions, a dark blue precipitate of Turnbull's blue — 
ferrous ferricyanide, Fe,Fe,(CN)i2 — but with ferric salts it gives no 
precipitate, simply producing a brownish liquid. With alkalies, 
Tumbuirs blue is decomposed, yielding black ferroso-ferric hydrate, 
and a ferricyanide of the alkali ; but the addition of hydrochloric acid 
reproduces the original blue. 

5. FoCunioi thioeyanata {sulphocyanatt) — KCH8 — gives no precipitate with 

ferrous salts, but with ferric compounds it yields a deep blood-red 
solution. This colour is not discharged by dilute hydrochloric acid 
(distinction from fern'c acetate), but immediately bleached by solution 
^^ of mercuric chloride (distinction from ferric meconate). 

6. KHO, or VaHO, produces effects similar to those of ammonium hvdrate. 

: JMaodiaa photphate— Ha^04— //i the presence of HaC^O, or VKfififl^ 
— gives a whitish gelatinous precipitate of ferrous or ferric phosphates — 
Fei(P04), or Fe,(P04), — insoluble in acetic acid, but soluble in hydro- 
chloric acid. The previous addition of citric or tartaric acids prevents 
this reaction* 

&. todtm acetate — HaC|H|0, — added in excess to ferric salts, produces a deep 
red solution of ferric acetate — Fe,(C,H30,)| — which on boiling deposits 
as a reddish-brown ferric oxyacetate — FejO(C,HiO,)4. This precipi- 
tate dissolves slightly on cooling ; but iron can be entirely precipitated 
in this form if the solution be instantly filtered while hot 

^ AHralhie Oarbonatet, added to a ferrous salt, precipiutc white ferrous 
carbonate — FeCOi — but with ferric salts throw down the reddish-brown 
ferric hydrate already described. 

(d) DRY REACTIONS, 
(To be practised on ferric oxide.) 

I. Heated 00 charcoal before the inner hlowpipe fiame, a black magnetic 
powder is obtained, which is not the m.*tal, but is ferroso-ferric oxide 
— FejO*. 

1. Heated in the borax bead in the inner blowpipe fiame, a bottle-green 
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colour is produced ; but in the outer flame the bead is deep red while 
hot, and very pale yellow when cold. 

H CEEIXTM (Ce). 

{a) WET REACTIONS. 

(To be practised on cerous chloride — CeCla — prepared by boiling cerium 
oxalate with sodium hydrate, washing the insoluble cerous hydrate with 
boiling water, and dissolving it in the least possible excess of hydrochloric 
acid.) 

1. nH^HO in the presence of NH4CI (gtoup reagent) gives a white precipitate 

of cerous hydrate — Ce(H0)8 — insoluble in excess. 

2. XHO and NaHO give a similar precipitate, turning yellow on the addition 

of chlorine water. 

3. Ammoninm oxalate gives a white precipitate of cerous oxalate — 

€62(0504)32 HjO — insoluble in excess, and not readily dissolved even 
by hydrochloric acid. The presence of citric or tartaric acid does not 
interfere with this reaction. 

4. Potassium sulphate — K2SO4 — in a saturated solution causes the formation 

of white crystalline potassium cerium sulphate — K3S04Ce2(S04)3 — 
soluble in hot water. 

(P) DRY REACTIONS. 
(To be practised on cerium oxalate.) 

z. Heated to redness in contact with the air, an orange red residue of eerie 
oxide — CeO, — is obtained, difficultly soluble even in strong hydro- 
chloric acid. 

2. Heated in the borax bead, cerium behaves like iron in the outer flame, 
but the inner flame yields a colourless or opaque yellow bead. 

m. ALUMnniTM (A1). 

(a) WET REACTIONS. 

(To be practised on a solution of common alum.) 

1. WR fiO in presence 0/ KR4PI (group reagent) gives a gelatinous white pre- 

cipitate of aluminic hydrate — Al2(H0)g. This precipitate is slightly 
soluble in a large excess of the precipitant, but separates completely 
on boiling. 

2. KHO and NaHO both give a similar precipitate, soluble in excess, but 

reprecipitated by boiling with an excess of ammonium chloride, or by 
neutralising with hydrochloric acid and boiling with a slight excess 
of ammonium hydrate. 

3. 'StL.^BJBO^ in the presence of NaCjHjOs or NH4C3H3O, gives a white 

precipitate of aluminic phosphate — ^AlPOi — insoluble in hot acetic 
acid, but soluble in hydrochloric acid. The presence of citric or 
tartaric acids prevents the occurrence of this reaction. 

iP) DRY REACTION. 

(To be practised on dried alum.) 

Heat stronglv on charcoal before the blowpipe, when a strong incandescence 
is observed, aud a whitt residue is left. Moisten this residue with a drop of 
solution of cobaltous nitrate — Co(N03)2 — and again heat strongly, when a 
blue mass is left This test is not decisively characteristic, as other substances, 
such as zinc and earthy phosphates, show somewhat similar colours. 
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17. CHBOMUni (Or). 

(fl) WET REACTIONS. 

(To be practised on a solution of potassium chromic chloride, prepared by 
dissolving potassium dichromate — KsCr^O^ — in water, acidulating with 
hydrochloric acid, heating and dropping in alcohol till the solution turns 
green.) 

I. MBtSO im the presence o/WRSH {^oup reagenf) precipitates green chromic 
hydrate — Cr,(HO)| — slightly soluble in excess, but entirely reprecipi- 
tated on boiling. The presence of citric or tartaric acid interferes 
with the completeness of this reaction. 

a. KHO« or VaHO, gives similar precipitates, freely soluble in excess when 
cold, but entirely reprecipi^able by continued boiling. 

y CUfliiBAttd sodm— Va^OCly— or Plumbie peroxide— PbO^^boiled with an 
alkaline solution of a chromium salt, produces a yellow solution of 
sodium chromate — NajCr04. 

4. VaHPO^ in the presence of VaC^jOfl or VH^C^,Ot throws down pale 
green chromic phosphate — CrPO^ — soluble when freshly precipitated 
in excess of hot acetic acid, and freely soluble in hydrochloric acid. 
The presence of organic acids prevents this reaction. 

{P) DRY REACTIONS 

I. Heated in the borax bead in the inner ^blowpipe flame, a fine green 
colour is obtained. ^ 

t. Fused on platinum foil, with a mixture of KNaCO| and KNOj, a yellow 
residue x^ obtained, consisting of chromates of the alkalies used. 
This mass is soluble in water, yielding a yellow solution turned deeper 
in colour by the addition of hydrochloric acid, owing to the formation 
of dichromates, and becoming green on warming and dropping in 
rectified spirit 

DIVISION B. 

Metals the hydrates of which, being soluble in excess of ammonium hydrate 
in the presence of ammonium chloride, escape precipitation by that reagent, 
bat are separated as insoluble sulphides by the addition of ammonium sulphide 
to the same liquid* 

I XAH0AHE8B (Mn). 

(fl) WET REACTIONS 

(To be practised on a solution of potassium manganous chloride, prepared hy 
beating a solution of potassium permanganate with hydrochloric acid, and 
in alcohol until a colourless solution is obtained.) 

in the presence of HH4CI and VH4HO ixroup reai^nt) precipitates 
a flesh-coloured manganous sulphide — MnS — soluble in dilute and 
cold hydrochloric acid (distinction from the sulphides of Ni and 
Co). It is also soluble in acetic acid (distinction from zinc sulphide). 
This precipitate forms sometimes very slowly and only after gently 
warming. If a good excess of NH4CI has not been added, or if, after 
adding the excess of ammonium hydrate, the solution \ic exposed to 
the air, a portion of the manganese will sometimes precipitate sponta- 
neously, as manganic dioxyhydrate--Mn,O.(II0)f— and be found with 
the iron, etc^ in the first division of the th.^d ^roup. In this case iis 
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presence will be easily made manifest during the fusion for chromium 
by the residue being green. It is therefore evident that small quan- 
tities of manganese cannot be perfectly separated from large quantities 
of iron by NH4CI and NH4HO only. 

2. KHO and NaHO both yield precipitates of manganous hydrate insoluble 

in excess, and converted by boiling into dark brown manganic dioxy- 
hydrate— Mn202(HO)2. 

3. NH4HO gives a similar precipitate, soluble in excess of ammonium chloride, 

but gradually depositing as Mn802(HO)2 by exposure to the air. For 
this reason, if the presence of manganese be suspected, the addition 
of NH4CI and NH4HO must be followed by instant filtration, and any 
cloudiness coming in the filtrate must be simply taken as indicating 
manganese, and disregarded. 

4. Z4Fe(CN)g gives a precipitate of manganous ferrocyanide — Mn2Fe(CN)g — 

very liable to be mistaken for the corresponding zinc compound. 

5. Boiled with plumbic peroxide and nitric acid a violet colour is produced in 

the liquid, due to the formation of permanganic acid. (Crum's test) 

{b) DRY REACTIONS, 
(To be practised upon manganese peroxide — MnOj.) 

1. Fused on platinum foil with KHO and a crystal of KCIO3, a green mass 

of potassium manganate is formed. This residue is soluble in water, 
yielding a green solution, turning purple on boiling, owing to the 
formation of potassium permanganate. The solution is rendered 
colourless by heating with hydrochloric acid and dropping in alcohol, 
the operation being accompanied by the odour of aldehyd. 

2. Heated in the borax bead in the outer blowpipe flame, a colour is produced 

which is violet-red while hot and amethyst on cooling. The bead is 
rendered colourless by the reducing flame. 

n. ZHf C (Zn). 

(a) WET REACTIONS. 

(To be practised on zinc sulphate — ZnSOi.) 

1. HH4HS in the presence ofKRfil and NH4HO (group reagent) gives a white 

precipitate of zinc sulphide — ZnS — insoluble in acetic acid, but readily 
soluble in dilute hydrochloric acid. 

2. KHO, NaHO, and NH^HO, all give precipitates of gelatinous white zinc 

hydrate, soluble in excess to form zincates. The addition of sulphu- 
retted hydrogen or ammonium sulphide reprecipitates the zinc as zinc 
sulphide — ZnS. 

3. K^'Fe(C'S)^ gives a gelatinous white precipitate of zinc ferrocyanide — 

Zn2Fe(CN)e — insoluble in dilute acids. 

4. Alkaline Carbonates precipitate ZnC02(Zn2HO)2H20— zinc hydrato- 

carbonate — insoluble in excess of the carbonates of potassium and 
sodium, but soluble in that of ammonium. The latter solution, diluted 
and boiled, deposits the oxide. 

(b) DRV REACTIONS. 
(To be practised on zinc carbonate.) 

I. Salts of zinc heated leave the oxide, yellow while hot, and white on 
coolinr. 
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t. Heated on diarcoal before the blowpipe an incrustation forms, yellow 
while hot, and white on cooling. Moisten with a drop of comUous 
nitrate — Q>(NO|)|— and again heat it in the outer flame, when a fine 
colour is produced. 



m. HIOXSL (Vi). 
(fl) WET REACTIONS. 

(To be practised on a solution of nickelous sulphate — NiSO^.) 

in the presence of VH^Cl and HH4HO (jproup reagent) gives a black 
precipitate of nickelous sulphide — NiS— slightly soluble in excess, but 
entirely precipitated on boiling. It is not soluble in cold dilute 
hydrochloric or in acetic acid, but requires boiling with strong 
hydrochloric acid, and sometimes even the addition of a drop or two 
of nitric acid 

t. KHO or VaHO both give a green precipitate of nickelous hydrate^- 
Ni(HO)| — unaltered by boiling (distinction from cobalt). 

nitrite — KHOj — added to a neutral solution, followed by an 
of acetic acid, gives no precipitate (after standing some hours) 
on the addition of potassium acetate and rectified spirit (very useful 
separation from cobalt). 

4. KCV in excess produces a greenish-yellow precipitate of nickelous cyanide 
— Ni(CN)t — which quickly redissolves. On adding a drop of hydro- 
chloric add and boiling in a fume chamber, and repeating this till no 
more fumes of hydrocyanic acid come off, and then adding sodium 
hrdrate, a precipitate of nickel hydrate is produced. It is better, 
although less convenient, to use a strong solution of chlorinated soda 
instead of HCl, when nickelic hydrate— Ni(HO)e — is slowly prccipiuted 
(separation from Co, which gives no precipitate). 

J. iftaliiii Oarbonatai behave, so far as colour and solubility in excess are 
concerned, like their respective hydrates. 

(P) DR Y REACTIONS. 

I. Heated on charcoal with Na^CO, in the inner blowpipe fiame, a grey 

metallic and magnetic powder is produced, 
a. Heated in the borax bead in the outer blowpipe flame, red to violet-brown 

it produced while hot, and a yellowish to sherry-red when cold. 

These colours might be mistaken for those of iron ; but on fusing a 

small fragment of potassium nitrate with the bead, its colour at once 
to blue or dark purple (distinction from Fe). 



IV. COBALT (Co). 
(a) WET REACTIONS 

(To be practised on a solution of cobaltous nitrate — Co(NO|),.) 

in the prtsenee of HH^Cl and VH,HO {^roup reagent) gives a black 
precipitate of cobaltous sulphide— CoS — insoluble in acetic and cold 
dihitc hrdrochloric acid, and requiring to be boiled with the strongest 
HQy olten with the addition of a drop or two of nitric acid before 
iohition is eflected 

; or VaHO, gives a blue precipitate, which rapidly changes on bothng 
to pink cobahous hydrate— Co( HO), — (distinction from nickel). 

a light brown predpiute of cobaltous cvanide« raoidly soluble 
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in excess, but reprecipitated by excess of dilute hydrochloric acid. If, 
however, the HCl be added drop by drop just so long as it causes 
the evolution of hydrocyanic acid fumes on boiling,* soluble potassium 
cobalticyanide — K5C02(CN)i, — results, which is not decomposed by 
hydrochloric acid ; nor is any precipitate produced on adding excess 
of sodium hydrate or chlorinated soda (separation from nickel). 
4. Alkaline Carbonates throw down basic carbonates, behaving like the 
respective hydrates. 

ip) DRY REACTIONS. 

1. Heated on charcoal with NajCOs in the inner blowpipe flame, the cobalt 

separates as a grey magnetic powder. 

2. Heated in the borax bead, first in the outer and then in the inner flame, 

a fine blue colour is produced. It is an important distinction of cobalt 
from copper, manganese, etc., ^^X. prolonged heating in the inner flame 
does not affect this blue. 



GROUP IV. 

Metals the hydrates and sulphides of which, being soluble, are not precipi- 
tated by the addition of NH4HO and NH4HS in the presence of NH4CI, 
but separate as insoluble carbonates on the addition of ammonium carbonate 
to the same solution. 

I. BABITJH (Ba). 

{a) WET REACTIONS. 

(To be practised on a solution of barium chloride — BaQ^) 

f . Ammonium carbonate — (SB^jOOi — in the presence ^NHiCl aif^NH4HO 
{group reagent) produces a white precipitate of barium carbonate — 
BaCO] — soluble with effervescence in dilute acetic acid. 

3. H2SO4 and all soluble Sulphates give a white precipitate of barium sul- 
phate — BaSOi — insoluble in ammonium acetate or tartrate (distinction 
from PbSOi) and also in boiling nitric acid. 

3. EiCrO^ gives a yellow precipitate of barium chromate — BaCr04 — insoluble 

in water and in dilute acetic acid, but soluble in hydrochloric add 
(distinction from Sr and Ca). 

4. (JBUB^jifi^ gives a white precipitate of barium oxalate — BaCs04 — ^not 

readily formed in the presence of much acetic acid. 

5. ISl^L^ECBO^ gives a white precipitate of barium hydrogen phosphate — 

BaHP04 — soluble in acetic acid, and to some extent in ammonium 
chloride. ^ 

{b) DRY REACTION 

(To be practised also on barium chloride.) 

If a platinum wire be dipped first in hydrochloric acid and then in the salt, 
and held in the inner blowpipe or Bunsen flame, the outer flame is coloured 
yellowish-green. 

* This must be done in a fume chamber, as it is a highly poisonous operation if the fumes 
should happen to escape into the room. 
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n. STBomm (Sr). 

(fl) WET REACTIONS. 
(To be practised on strontium nitrate — Sr(NOt)t.) 

I (■H«)/X>| {group rtagtnti in the presente of HH4CI and HH^HO gives 
a white precipitate of strontium carbonate — SrCO| — soluble in dilute 
acetic add 

f H1IO4, or a soluble sulphate (preferably calcium sulphate), yields a white 
precipitate of strontium sulphate — SrS04 — which only separates com- 
pletely from dilute solutions on allowing them to stand in a warm 
place for some hours. It is insoluble in a boiling strong solution of 
ammonium sulphate rendered alkaline by ammonium hydrate (distinc- 
tion from calcium sulphate). 

V The oftier reactions are similar to those of calciunL 



iP) DRY REACTION. 

(To be also practised on Sr(NO|)t.) 

A pbtmimi wire moistened with hydrochloric acid, dipped in the substance 
* ntioduced into the inner blowpipe or Bunsen flamct colours the outer 



m. CALCITO (Oa). 

;(fl) WET REACTIONS. 

(To be practised on a solution of calcium chloride — CaCV) 

I. (Sa«)|00i in prtunce of HH4CI and VH^HO {jgroup reagent) produces a 
white precipitate of calcium carbonate — CaCO| — soluble in acetic add 
a nd settling best on warming. 

s. (■Hi),C|04 predpiutes white calcium oxalate — CaC|0« — insoluble in 
acetic or oxalic acids, but soluble in hydrochloric acid. 

y K|(04 in strong solutions produces a precipitate of calcium sulphate— 
CaS04. Being slightly soluble in water, it does not form in dilute 
sc^tioos, nor is it precipitated by a saturated solution of calcium 
sulphate (distinction from Ba and Sr). It is soluble in a boiling 
saturated solution of ammonium sulphate containing excess of ammo- 
nium hydrate, but quite insoluble in a mixture of two parts alcohol 
and one part water. 

4. ■t,HF04 produces a white precipiute of dicaldum phosphate—CaHPO^ 
— soluble in acetic add 

(h) DRY REACTION 
(To be practised on calcium carbonate — CaCO|.) 



A platifram wire moistened with hydrochloric acid, dipped in the sul)stance 
held in the inner blowpipe or Bunsen flame, colours the outer flame 
fdlowisb-red. This reaction is masked by the presence of barium or 
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GROUP V. 

Metals not precipitable either as sulphide, hydrate, or carbonate, including 
magnesium, the precipitation of which as hydrate or carbonate has been 
prevented by the presence of ammonium chloride. 

I. MAGNESITTM (Hg). 

(a) WET REACTIONS. 

(To be practised on a solution of magnesium sulphate — MgS04.) 

X. NasHF04 in the presence of^l^J^ and^Yi^O produces a white crystalline 
precipitate of ammonium magnesium phosphate — MgNH4P04. It 
is slightly soluble in water, and scarcely at all in water containing 
ammonium hydrate, but entirely soluble in all acids. In very dilute 
solutions it only forms on cooling and shaking violently, or on rubbing 
the inside of the tube with a glass rod. 

2. (NH4)2HA804 produces a similar precipitate of ammonium magnesium 
arseniate — MgNHiAsO^ — possessing like features. 

3. XHO, NaHO, and NH^HO give precipitates of magnesium hydrate — 

Mg(HO)2 — insoluble in excess, but soluble in the presence of 
ammonium salts. The alkaline carbonates (except ammonium car- 
bonate) precipitate magnesium carbonate, also soluble in ammonium 
salts. 

4. Caloinm hydrate {lime 2e;a/^r)— Ca(H0)3— andBarium hydrate {baryta water) 

— ^Ba(H0)2 — produce a similar effect. Either of these reagents is useful 
for the separation of magnesium from all the alkalies except ammonium. 
The solution, which must contain no ammonium salts, is treated with 
excess of either lime or baryta water. The precipitated magnesium 
hydrate is then filtered out and excess of ammonium carbonate added, 
which precipitates in turn the excess of Ca or Ba employed, and leaves 
K, Na, or Li in solution. 

{b) DR Y REACTION, 

(To be practised on magnesium oxide.) 

Heated on charcoal before the blowpipe, it becomes strongly incandescent, 
and leaves a white residue, which when moistened with a drop of solution of 
cobaltous nitrate — Co(N03)2 — and again heated, becomes rose-coloured. 
This test is not, however, infallible. 

n. LITHITTM (Li). 

(a) WET REACTIONS. 

(To be practised on a solution of lithium chloride, prepared by dissolving 

lithium carbonate in dilute hydrochloric acid.) 

X. Ha2HP04 in strong solutions produces a white precipitate of lithium phos- 
phate — (Li,P04)2H20— on boiling only (distinction from Mg). It is 
soluble in hydrochloric acid, and reprecipitated by boiling with 
ammonium hydrate. 

2. HajCOs and even NaHO, in very strong solutions, yield the carbonate and 

hydrate respectiveW. 

3. Platinio chloride — ^PtCl4 — gives no precipitate (distinction from potassium^ 
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b DRY REACTION. 
(To be practised with lithium carbonate.) 

A piatmum wire, moistened with hydrochloric acid, dipped in the substance 
and held in the inner blowpipe or Bunsen fiame, colours the outer flame 
€mnmimi ruL The presence of sodium disguises this reaction. 

m. P0TA88IVK (K). 

WET REACTIONS. 

{To be piactised on solution of potassium carbonate treated with dilute HQ 
tflJ effervescence ceases, forming potassium chloride — KCl.) 

in strong solutions, gives a yellow crystalline precipitate of potassium 
platino-chloride — PtCl4(KCl), — soluble on great dilution, especially on 
warming, but insoluble in acids, alcohol, and ether. 

tartrate {tartaric acidy-^Kj^^BL^^ — throws down, from strong 
s<^utions only, a white crystalline precipitate of potxissium hydrogen 
tartrate — KHC4H4O0 — soluble in much cold water, rather freely in 
hot water, readily in acids and in KHO or NaHO, and not formed 
unless the original solution be nearly neutral. Its separation is facili- 
tated by stirring and shaking violently, in which case it settles quickly. 
J. Vftrofaa nliooflaorida (hydrofluosilicic tf^)—HjSiFc— yields white gela- 
tinous potassium fluosilicate — KjSiF^ — sparingly soluble in water. 

DRY REACTION. 

(To be practised on potassium carbonate — K^COt.) 

Dip a pbtinum wire, moistened with HCl, in the salt. Held in a Bunsen 
ftnae a vi^t colour is imparted. The masking effect of Na {yellow) is obviated 
bf viewing the flame through cobalt glass. 

17. SODIXTM (Va). 
IVET REACTIONS, 

(To be tested with solution of sodium chloride — NaO.) 

t. XyH^ffb^Oj (fotassium pyroantimoniate^ generally called metantimoniate) 
— gives a white granular precipitate of sodium pyroantimoniate — 
NafH^b,076H,0 — from strong solutions only, which must be neutral 
or alkaline. This precipitate is insoluble in alcohol, 
a. XfSiFf gives a similar precipitate to that obtained with K salts in concen- 
trated solutions only. 
Sodium salts are, practically, all soluble in water, and there is no thoroughly 
trotfworthy wet reaction which can be applied to detect small quantities. If 
wr have a solution which gives no precipitate with any of the group reagents, 
bos leaves, on evaporating, a non-volatile residue, capable of imparting a 
a^m^ ytlkm colour to the Bunsen flame (dry reaction) we may infer with 
ccnatotj the presence of sodium. 

V. AMKOVIXnf (VH«). 
WET REACTIONS. 

(To be tested with solution of ammonium chloride — NH4O.) 

t. FlCI« produces a heavy yellow precipitate of ammonium platino<hloride — 
PtCl«(NH4Q)s — which, being rather soluble in water, is not formed in 
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dilute solutions, unless alcohol, in which it is insoluble, be added in 
considerable quantity. When ignited, pure spongy platinum is left 
This precipitate maybe distinguished from that with K salts by adding, 
after ignition, a little water and AgNOs, when no white precipitate of 
AgCl is formed (the K salt leaves KCl on being strongly heated). 

2. H3C4H4O0 yields ammonium hydrogen tartrate — (NH4)HC4H40e — almost 

identical with KHC^HiOe in its properties. On ignition, however, the 
latter gives a black residue, which turns moistened red litmus paper 
blue (KjCOs and C), the former leaving pure C without reaction. 

3. NaHO or Ga(H0)3 boiled with the solution causes the evolution of ammonia 

gas — NH|. A glass rod dipped in HCl or HC2H3O, produces, when 
held over a mixture evolving NH3, white clouds (solid NH4 salts), and 
moist red litmus paper is turned blue. 

4. Hesfller's Solutioii (Hgia dissolved in KI and KHO added) ^st&2i yellow 

or brown colour^ or a brown precipitate^ of dimercuric ammonium iodide 
— NHgjIHjO — with all NH4 salts. This reaction is extremely delicate, 
and the estimation of NH4 in water is founded upon it 

DRY REACTIONS. 

Ammonium salts volatilise (i) with decomposition, leaving a fixed acid 
(e.g.y phosphate) ; (2) with decomposition, leaving no residue whatever (^^., 
sulphate, nitrate) ; (3) without decomposition, when they are said to sublime 
{e.g.^ chloride, bromide, etc.). 



CHAPTER III. 

DETECTION AND SEPARATION OF ACID RADICALS. 



L HTDBOFLUOaiC ACID and FLUORIDES. 
(The test for fluarides undemotcd may be practised on fluor spar — CaFf.) 
fAntiarie Add, or Flnorie Acid, is known— 



t. By its ftrongly add reaotion and oorrodve power. 

i« By its aotion upon glatt, from which it dissolves out silicic acid — 
SiO| — thus roughening the surface and rendering it semi-opaque 
or translucent, and white; a colourless gas, silicic fluoride — 
SiF^ — passing off. 

arc detected as follows : — 
Tbe mineral or salt is finely powdered, and introduced into a leaden diih 
««h a little snlphnrie add. A piece of glass, previously prepared by coating 
tts mrCice with wax, and etching a few letters on the waxed side with the 
point o^ a pin, is placed over the dish, waxed side down. A gentle heat is 
then applied, but not sufficient to melt the wax, and the operation continued 
for some time. The glass is then taken off, and the wax removed from it ; 
if fluorine were present, the letters written on the waxed surface will be 
engraved upon it by the action of the hydrofluoric acid. 

1 CHLOROrB, HTDBOCHLOaiC ACID, and CHLORIDBS. 

CUorine— €1,— may be detected^ 
1. By its odour. 

a. By turning paper dipped in solution of potaadum iodide brown. 
3. By bleaching a solution of indigo or litmns. 

lyAreeUorie Aeid—HCl —may be recognised — 

I. By iu acidity and its giving off CI9 when heated with MnOf. 

a. By producing dense white fumes when a rod dipped in ammoniam 

hjdrate is held over the mouth of the bottle. 
3* ^y K^^'ii^K ^ <^rdy white precipitate of argentic chloride with argentic 

nitr^ instantly soluble in ammonium hjdrate. 

give the following reactions (to be practised with any soluble 
chloride, say NaO) :— 

1. Heated with snljphoric add they evolve white fumes of HCl. 

s. Heated with H20O4 and MnO, they evolve chlorine. 

3. AfVOi in tke prtstnct cf'BSi^^ gives a white precipitate of argentic 
chloride — AgCl — insoluble in boiling nitric acid, but insuntly 
soluble in dilute ammonium hydrate of a strength of i in aa 
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• 

4* The solid substance mixed with K|Clr,0;, and distilled with HiM^^ 
yields chloro-chromic oxide^ CrCl^O, — in red fumes which, 
when passed into dilute ammonium hydrate, colour it yellow, 
owing to the formation of ammonium chromate — (NH4)sCr04. 
The yellow should change readily to green on the addition of a 
few drops of sulphurous acid. 

InidiiUe Chlorides should be first boiled with strong sodina hjdrato and 
the whole diluted and filtered. The chloride is then transferred to the 
sodium, and is to be searched for in the filtrate by acidulating with nitric acid 
and adding argentic nitrate, as above described. 

S. HTP0CHL0SITE8. 

(Practise on a solution of chlorinated limc~Ca(GO)|CaC1t.) 

Hypoehloritet are all readily soluble in water, arc contained in the so-called 
chlorinated compounds, and are recognised— 
I • Hy having an odour of chlorine. 

a. By giving a blue with potaaiittfli iodido, ttareh ptstOi and Aoetie 
due to liberation of chlorine. 



4 CHL0BATB8. 

(To be practised on potassium chlorate — KGOj.) 

I. Heated on eluuooaL thcv deflagnite. 

3. Heated with strong snlpnuio add, they evolve chlorine peroxide— 
CljO^ — which is yellow and explosive. 

3. Their solutions yield no prccipiutc with aifontie nitrate; but if a 

little of the solid be heated to redness, and the residue dissolved 
in water, a prccipiutc of argentic chloride may be obuined 
l*he same reduction from chlorate to chloride may also be 
effected bv adding zinc and dilute sulphuric acid to the siilution. 

4. Mixed vkith itt and starch pntte, and acidulated with aoetie aeid, 

they give no blue (distinction from hypochlorites), but oo 
adding HCl a blue is devclo|)cd. 

5. PERCHIO&ATES. 

Tbcse are diitinguiihcd froa chlorate*— 

I. By giTing off perchloric aciJ — IIC10«— when hemte«i with lalpharic add, witbo«t 

eipiouuQ or eTulutkm of chlorine peruiiJe. 
a Like chiufa:ct, they reqiure ledoctMiQ to chluriJci tidbre giriag a precipitate with 
aigcBtic aitiate. 

6. BEOHm» HTDBOBEOKIO ACID, and BEOMIDXilL 

Broodno— Br,— is distinguished— 

I. By Its appoaranoo — heavy, reddish -brown lir]uid, giving off reddish 
fumes of a very pencuating, unpleasant odour. 

a. By turning itarch pasto orange. 

3. When present in small quantity in solution, on adding a few drops 
of chloroform and shaking, an orange ci flour i« im(arted to 
that liquid, which sinks to the bottom of the aqueous solution. 

HydiohroBio Add- HBr— is known-- 

By its acid reaction and the production of fumes of brumine when 
hcaud With stroaf snlpnarie add. 
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aue all soluble in water, except the silver, roercurous, and lead salts ; 

they are detected by the following characters (to be practised 

on potassium bromide — KBr) : — 
1. Heated with strong iolphario add, they evolve red vapours of 

bromine, 
a. A similar effect is produced by iolphario add and metallio dioxides, 

such as Pl)Ot, MnOf 

3. Mixed with starch paste, and a few drops of ehlorine water care- 

fully added, they give an oranse colour (starch bromide). 

4. Mixed in a long tube with ohloro&rm, and a few drops of ehlorine 

water added, the whole, when shaken well together, leaves, on 
settling, a characteristic reddish-brown stratum at the bottom of 
the liquid in the tube, due to free bromine in the chloroform. 

5. With argentic nitrate they give a dirty-white precipitate of argentic 

bromide, insoluble in nitric acid, slowly soluble in ammonium 
hydrate, but insoluble in dilute NH4HO, of a strength of i in 
30 (argentic chloride dissolves). 

6. Distilled with potassium dichromate and sulphuric acid, red fumes 

are evolved, which give no colour when passed into ammoniom 
hydrate (distinction from chlorides). 

* . 

baoliiUe Bromidet should be first boiled with VaHO, as described under 
iHotuUc chlorides. 

7. HTPOBROKITES. 

•le very limUar to hypochlorites, and remct as follows \^ 
I. Tber decompose by heat, leaving a bromide ; 
a. On boiliDg with an alkxdi, a mixture of bromide and bxomate results. 

& BR01CATE8. 

•le rrco^nited — 
I. By deilagrmting on charcoal, leaving the corresponding bromide, 
a. By liberating bromine on the addition of dilute sulphurous acid, 

a IODUB, HTDRIODIC acid, and IODIDES. 



-may be recognised by its glistening black scales, its odour, the 
vapour on heating, and the production of blue iodide of starch on 
a solution to starch paste. 

■yMedie Aeid — HI — in the gaseous state, is detected by the formation of 
a brown colour on paper mobtened with chlorine water (blue if also dip[)ed 
a starch paste) held over a tube from which it is being evolved. 

are readily known by the following reactions (which may be 
on a solution of potassium iodide, KI) : — 

1. Heated with strong sulphuric acid they give a liberation of iodine 
with violet fumes. 

a. Hvdlage of starch and chlorine water or strong nitric add (if not 
added too plentifully) produces bine iodide of starch, decom- 
posed by heat, but re-formed on cooling; also bleached by 
excess of Q. 

5. AgVO, gives a light yellow precipitate of argentic iodide — Agl. 
The precipitate, when freed from the supernatant liquid, does 
not dissolve in hot HNO|, and is practically insoluble in 
ammonium hydrate, being thus distinguished from a chloride. 
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4. A neutral solution gives with one part of enprie snlpluite — CUSO4 

• — and three parts of ferrons sulphate — FeSO«-— dissolved in 
a little water, a greyish precipitate of cuprous iodide — Cu^If. 

llie same precipitate is produced if folphoroiu add— H,SO| 
— tie uu*d with the rupric sulphate instead of ferrous sulphate. 

5. Palladions Chlorido-^PdClj--or jialladioiu Bitrate~Pd(MO|)^ 

gives a black precipitate of palladious iodide — Pdlf— decom- 
posed somewhat below the temperature of boiling mercury, 
iodine l)eing evolved, and the metal left This is a very 
expensive but efficient separation. 

6. Mercuric chloride and plumbic nitrate give respectively red and 

yellow precipitates with soluble iodides. 

la 10DATB8. 

(Pnctbe 00 lolotioa of poUMiam iodAte— KIO|.) 



IMatat arc known^ 

1. By givini;. when heated with fttrung talphnric add, umtUr rcactioai to thoae 

obtained with chttirate&. 

2. By ^vin{; a bloc coluur with Uarch iiaftte on the aiidititm of Milphurout acid. 

3. By giving a blue colour with ttaich paste on the addition of potaiaiam iodide 

and tartaric add. 

4. By yieldmg a predpitate of ferric oiy*iodate on adding fcnic chloride. 

IL PSRI0DATB8. 

FtrMatat are dittiitguiahcd^ 

I. By givini; a predpitate with BaCl^ in a neutral tolution, which it not decowpoted 
l>y dii^ing with anmoniam carbonate antl a little NII^IIO. lodatet leave 
baharo carbonate, which when wathcd dissolves in acid with effervocence. 

a By adding HdNO^ and treating the yellow tkh predpitate with SnCIf^ It toraa 
grcca, ilf If being prodoced. 

U. WATSE and HTD&ATB8. 

Water is recognised — 

I. \\s Its alj6olute ntntrality to te^t inner. 

a. By its evaporating without nddia, nuBit, or odoir of any kind. 

3. By its turning white anhydrous cupnc sulphate blue. 

4. By yieldmg para hydroftn when it vk boded and the steam paMcd 

slowly over copper turnings heated to bright redness m an iron 
tube. 

5. By it» undergoing electrolysis when acidified, yielding hydrogtn at 

the negative aiKl oajgaa at the positive eliTtrodc. 

Thetolable Hydrates, viz., KHO, NaliO, LiHO, Ba(llO),. Sr(llO)„and 
Ca(HO>| are known — 

I. By l)ctng more or less v>luble in cold water, yielding solutions 

which are strongly alkahnc totest-|Ki|ier. 
a. By di'iN' living in hjdroeUohc aod without efiervescence and without 

smell. 
\. By i;ivin^ a lirownish -black precipitate of argentic oxide— .VggO — 
with aifentic nitrate. 

The ineelable Hjdratet are recognised— 

By giving off steaa when heated in a dry test-tube, and leaving a 
residue which behaves kke the corresoonding oitde. 
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IS. 0ZIDB8. 

An oiides are insoluble in water. Oxides of K, Na, Li, Ba, Sr, and Ca 
mite with water to form hydroxides, which dissolve with a greater or less 
of readiness and give the characters of the soluble hydrates already 



(hddfla can only be recognised by negative results, such as : — 
I. Heated alone, they are not changed; except argentic oxide, which 

leaves the metal, and mercuric oxide, which volatilises and 

breaks up into the metal and oxygen, 
s. They are insolable in water (exceptions K, Na, etc., as above), but 

soluble in hydrochloric or nitric acid without effervescence and 

without smell. 

3. After dissolving and removing the metal by H^ or HesCOj as 
most convenient, no acid radieal is found, other than that of 
the acid used to dissolve. 

4. Boiled with strong HaHO and filtered, or fused with KHaCOs and 
digested with water, the solution gives no reaction for any acid 
radical except the soluljle hydrate or carbonate employed. 

on account of their containing an excess of oxygen, differ from 
Dormal oxides (practise on MnO,), — 

1. By giving off oxygen when strongly heateti. 

2. By evolving ehlorine when heated with hydroohloric add, 

14 tVLPHVB, HTDSOSITLPHinEaC ACID, and SULPHIDES. 

Bnlphor— S^ or S^ — is recognised — 
I. By its borning entirelv away with a pale blue flame, and evolving 

•nlphnrons anhycfride. 
9. By its insolubility in all ordinary menstrua, such as water, alcohol, 

and ether, but dissolvmg readily in carl)on disulphide. 

3. Wlien slowly heated in a tul>e, it first melts, then thickens, then 
liquefies again, and finally l>oils, the vapour taking fire and 
forming sulphurous anhydride. 

Bnlphor possesses the above characters, and is specially distin- 
guished from ordinary sulphur by being quite amorphoos under 
the microscope, while the latter is cr)'stalline. 
^yiiaaalphttrie Add— H^S (sulphuretted hydrogen)— \^ known— 

I. By being a colourless gas with a disgntting odour of rotten eggs. 
It is inflammable, burning in the air to produce sulphurous 
acid. 

s. By turning a piece of paper blaek, which has been moistened with 
solution of pifimbie aoetato and held over the mouth of the 
tube or jet from which it issues. 

lllpfcidoi are divisible into five classes : — 
I. Soluble in watar, including the sulphides of K, Na, NH4, Ca, Sr, 

Ba, and Mg. 
9. Insoluble in water, but readily soluble in dilate hydrochlorio add 

including those of Fe, Mn, Zn. 

3. Insoluble in dilute, but soluble in strong boiling hydroehlorio aeia, 
including the sulphides of Ni. Co, Sb, and Sn (PbS is also 
slightly aifrected, but se[>arates on cooling, as chloride). 

4. Ifisolulde in hydrochloric acid, but attacked by strong boated nitne 
add, being converted wholly or partially into su'phates. 'l*hese 
include the sulphides of Pb, Ag, Bi, Cu (arscmuus sulphide is 
slowly aflec^ed). 

3 
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5. Not dissolved by any single acid, but converted into a soluble 
sulphate by the action of nitro-hydroohlorio aoid, or hydro- 
chloric acid and potassium chlorate; including those of 
Hg, As, Au, and Pt. 

Sulphides soluble in water or in hydrochlorio acid are recognised (practise 
on solution of NajS) — 

1. By giving off sulphuretted hydrogen when heated with HCI. 

2. Soluble sulphides give black and yellow precipitates, with solutions 

of lead and cadmium respectively. 

3. Alkaline sulphides give a purple colour with sodium nitropnitside 

— isra8re(isro)C5isr5. 

Sulphides insoluble in hydrochloric acid are best detected (practise on 
vermilion) — 

1. Mix a little with sodium carbonate and borax, and heat on charcoal 

before the blowpipe. Remove the mass thus obtained, place 
it on a clean silver coin, and moisten with a drop of distilled 
water ; when, owing to the formation during ignition of sodium 
sulphide — Na^S,— a black stain of aigentic sulphide— Ag,S— 
will be produced. 

2. By heating with strong nitric or nitro-hydrochloric acid, diluting 

the solution, and testing for a sulphate with barium chloride 
(see page 36). 

3. By fusion with KKaCO, and OTOs, digesting the residue in water, 

filtering and testing the solution for a sulphate, — formed by the 
oxidising action of the potassium nitrate. 

Polysulphides as commonly met with are those of the alkalies, and are 
soluble in water. They are known (practise on sulphuretted potash — KjSj)— 

1. By the deep yellow or orange colour of their solutions. 

2. By evolving sulphuretted hydrogen accompanied by a deposit oj 

sulphur when treated with hydrochlorio or dilute sulphurie 
adas. 
The polysulphides which are insoluble in hydrochloric acid, such as iron 
pyrites, copper pyrites, etc., are best proved by fusion with potassium nitrate 
and carbonate and conversion into sulphate. They may, however, be recog- 
nised by heating with hydrochloric acid and zinc, when the excess of sulphur 
will pass off as HjS, leaving the normal sulphide. 

16. THIOSTrLFEATES (Hyposulphites). 

(Practise on solution of sodium thiosulphate — Na^SjOiSHsO.) 

These salts, commonly known as hyposulphites, are usually soluble in water, 
and exhibit the following characters : — 

I. With cither dilute or strong HCI and H3SO4, they give oflf SO, 
and form a yellow deposit of S {distinction from sulphides^ 
polysulphides, and sulphites), 
I. AgNOs gives no precipitate at first, owing to excess of a hypo- 
sulphite dissolving argentic hyposulphite — Ag^fi^ — ^but on 
continuing the addition, this AgsS^Os is precipitated of a wKie 
colour. The salt splits up spontaneously, becoming yeUow, 
brown, and lastly black, and being changed completely into 
argentic sulphide — Ag^S. The same decomposition of tlie 
precipitate occurs on substituting HgNOj or Pb(NOj), for 
AgNOa; and in all three cases heat accelerates the acttoo« 
and HjSO^ is the by-product. 
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3. 76^(9, produces a reddish-violet colour, gradually disappearing as 

FeCI, is formed. (This colour is not produced by sulphites^ and 
a somewhat similar tint produced by Fe^Cl^ in thiocyanatss dots 
not disappear.) 

4. ■a^OCl, or Cl^ water converts hyposulphites into sulphates, even 

without •'applying heat. 

16. SVLPHXrEOUS ACID and SULPHITES. 

tl1|Jiniuni Aeid — H,SO| — is recognised in solution — 

I. By its pungent odour of burning sulphur, due to evolution of SOf. 
It combines directly with peroxides to form sulphates. For 
instance : — 

PbO, -h SOj = PbSO^. 
(This reaction is utilised in gas analysis, to separate SO^ from a 
mixture.) 
a. By adding bariiun chloride in excess, filtering out any precipitate 
of barium sulphate which may form (owing to the fact that 
all samples of the ordinary acid contain sulphuric acid), and 
then adding chlorine water and getting another copious white 
precipitate of barium sulphate, owing to the conversion of the 
sulphurous into sulphuric acid by the oxidising action of the 
chlorine water, thus : — 
H,SO| -f BaCl, + CI, + HjO = BaSO* + 4HCI. 

5. Treated with line and hydrochloric acid, it evolves sulphuretted 

hydrogen, thus : — 

3Zn + 6HC1 4- H,SO, = sZnCl, + HjS + 3H,0. 

4. When a solution of iodine is dropped into the liquid, its colour is 

discharged, owing to its conversion into hydriodic acid by the 
hydrogen of the water, the oxygen of which passes at the same 
time to the sulphurous acid, forming sulphuric acid 
HjSO, + I, + H3O = H^O* + 2HI. 

talflrftli are known by the following characteristics (practise on solution of 
wdiom sulphite — ^Na^O,) : — 

1. All except the alkaline sulphites are sparingly soluble in water. 

2. When heated with tiilpharic add they evolve sulphurous anhydride, 

without deposit of sulphur, 

5. Acted on with nnc and hydrochloric add, they evolve sulphuretted 

hydrogen, which blackens a piece of paper moistened with 
plumbic acetate and held over the mouth of the test-tube. 

4. A salt of diver, mercury, or lead produces a precipitate which on 

heating turns dark, owing to the formation of a sulphide and 
free sulphuric acid. 

5. By boiling with barium chloride and chlorine water or nitric add, 

barium sulphate is produced, and precipitates. 

6. K/STiOj and HCl give a green coloration of chromic sulphate or 

chlaridi. This test is very delicate, but by itself is not con- 
dusive, as any reducing agent acts similarly. 

17. BVLPEVBIC ACID and SULPHATES. 

Add~H;B04— is detected— 
I. By its appearance. A heavy, oily, odourless, and nearly colourless 

liquid, powerfully add and corrosive, 
s. By its ehairiay efEbct This is made e\ident when the strong add 

is dropped upon white paper« wood, etc, or when the dilute 
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acid is evaporated in a basin containing a little white sugar. 
The carbonisation is due to the power the acid has of abstract- 
ing the elements of water from organic bodies. 
3. By liberating an explosive gas when dropped on a small fragment of 
ECIO3. 

Sulphates are soluble in water, with the exception of ^aj/Vxi/^^a/^x (soluble 
in acids) and BaS04, SrSOi, CaS04, and PbS04. (AgjSO* is only slightly 
soluble.) When it is necessary to analyse such sulphates as are insoluble 
in dilute acids, they are decomposed, either by boiling with potassium 
or sodium hydrates or by fusion with KNaCOa (the latter being preferable), 
and extracting the fused mass with water when the sulphate passes into solu- 
tion. Sulphates are recognised by the following characters (practise on solution 
of magnesium sulphate) : — 

1. BaCls or 'Ba(N0;j).2 "produces a white precipitate of barium sulphate 

— BaS04 — insoluble in boiling water and boiling nitric acid. 
The addition of barium chloride to a strongly acid solution 
often causes the reagent to crystallise out, and this is then 
mistaken by the student for a true precipitate of sulphate ; 
therefore the boiling water should always be employed. 

2. The addition of a soluble salt of lead or strontipm also causes the 

formation of insoluble sulphates ; but these reactions are never 
used in practice, the barium chloride being at once the most 
delicate and serviceable reagent. 
3 Heated with a little Na^COs on charcoal in the inner blowpipe 
flame, sulphates are reduced to sulphides; and the residue, 
placed on a clean silver coin and moistened with water, leaves 
a black stam. 

18. CAEBON, CABSONIC ACID, and CAEBONATES. 

Carbon — Cjj — is known — 

I . By its black colour and by burning in the air and producing a gas 
which is odourless, so heavy that it can be poured from one 
vessel to another, and causes a white precipitate when passed 
into solution of caloiom hydrate, 
a. By its capability of removing many vegetable colouring matters 
from their solutions. 

Carbonic Acid — H^COg — is not known in the free state, as it splits up into 
carbonic anhydride — CO^ — and water* on isolation. COj is recognised — 

1. By being odourless and giving white insoluble CaCO., (or BaCOj) 

when passed into a solution of Ca(H0)2 (or Ba(H6)..)- 

2. By turning blue litmus purple or wine-red, the original tint being 

restored by heat, the COj escaping. 

Carbonates are mostly insoluble in water, the alkaline carbonates alone 
dissolving. All carbonates give off COf on ignition, except K,CO| and 
Na2C03. A white heat is needed to decompose BaCO, and SrCOa. Most 
carbonates on heating to redness leave the oxide. Their recognition depends 
upon the following reactions (practise upon calcium carbonate) — 

1. Effervescence with a solution of almost any acid (HjS and HCN 

excepted), organic or inorganic, and giving off an odourless 
gas — COj. 

2. When the gas given off is poured or passed into a solution of 

calcium hydrate, a white precipitate of CaCOs falls, soluble in 
excess of CO^. When CO, is given off along with H^S or SO^ 
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either of these may be removed by passing through KjCrO^ 
and HCl, which is rendered green, and the unacted -upon CO, 
is allowed to pass into calcium hydrate solution as before, thus 
enabling us to detect a carbonate in the presence of a sulphide 
or sulphite. 

3 HfCl} gives a reddish-brown precipitate with the carbonates of 
of K, Na, and Li, and a white one with bicarbonates of the same 
metals. 

4. Soluble carbonates give a white precipitate with cold solution of 
MgSO^t while bicarbonates do not. 

19. BOBIO ACID and BORATES. 

{or Boraeie) Add — H,BO, — is distinguished as under :^- 
I. It is a white cr>'stalline solid, giving off water on being heated, and 

leaving the anhydride — BjOj. 
s. A solution in aloohol bums with a green flame, 
J. When dissolved in hot water, and a piece of tnrmerio {Mtper dipped 

in the solution, the yellow colour is unaffected ; but upon drying 

the paper it becomes brownish-red, turned green on moistening 

with KHO. 
All boimtM dissolve in dilute acids, but few in water, and when 

decomposed by hot acids, let fall crystalline boric acid on 

cooling, which answers to the above characters. 
The presence of soluble boratat is detected by the following tests (practise 
npon lx>rax — Na2B407ioH|0 : — 

I. They give, on heating with caloiiun chloride, rendered slighdy 

alkaline with ammonium hydrate, a white precipitate of calcium 

borate, soluble in acetic acid, and so distinguished from oxalate, 
s. On rendering the solution jusi acid with hydroohloric aeid, it reacts 

with turmeric paper as does H}BO|. 
3. Besides these two tests, which are in themselves, taken together, 

quite conclusive, borates give a white precipitate with aigentie 

nitrmte soluble in nitric acid. 
4« When a little of the solid borate is moistened with a drop of 

filphnric add, and aloohol is added, the green flame of 

H|BO| is obtained on applying a light. 

Sa SniCIC acid and SnJCATES. 

The acid Hfti04 is scarcely ever met with, and we have practically to deal 
vrtb the anhydride — SiOs — which is totally insoluble in water and dilute acids, 
the acid dissolving slightly in both. SiO, is charactcnsed — 
I. By its infusibility when heated, 
a. By its insolubility in water, and all acids except HF. 
^ By forming when heated with H,804 and CaF^ in a leaden vessel. 
gaseous silicic fluoride —S\V\ — which dei>osiis the acid — H4Si04 
— and forms hydro fluvsilicic acid — ii.^SIF^ — in contact with 
moisture, 
are insoluble in water, except the alkaline silicates. Many of 
do not dissolve in strong acids (a few arc (lccomiv>scd by hot H^0«. 
by DO other acid), but all are split up by the action of gaseous hydrofluoric 
a mixture of CaFj and HJ>()4. 
I* On adding HQ to an alkaline silicate, H4Si04 falls as a gelatinous 
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— scarcely visible — precipitate, slightly soluble in water. On 
evaporating to dryness and heating to 140° or 150° C, the 
addition to the residue of a little HCl and water leaves the SiQs 
as a white gritty powder. 

2. NH4CI precipitates H4Si04 from an alkaline silicate. 

3. Silicic anhydride is separated from all acid and basic radicals by 

fusing the finely powdered silicate with KNaCOs {fusion mix- 
ture) j in a platinum crucible ; adding dilute HCl to the residue 
till effervescence ceases, evaporating, and, when dry, heating to 
140° or 150** C. On again treating this residue with water and 
HCl, SiOj alone remains insoluble. 



21. HTDROFLTJOSILICIC ACID (H^SIF^ 

This acid is only known in solution. 

1. It is very acid, and dissolves metals with the evolution of hydrogen, forming 

silico-fluorides which decompose by heat, leaving fluorides, and giving oS* 
silicon fluoride— Si F4. 

2. It gives off hydrofluoric add when evaporated, and should not, therefore* be 

heated in glass vessels, as they would be etched. 

3. The majority of silico-fluorides are soluble, the exceptions being K^SiF^ 

BaSiFe, and Na^SiFs, which are insoluble, especially in presence of a little 
alcohol. 

4. It does not precipitate strontium salts, even from strong solutions, but throws 

down BaSiFg on adding BaCl2 and alcohol, as a white translucent crystaUine 
precipitate* 

5. Potassium salts throw down gelatinous RfSiFg. 



22. HITBOTJS ACID AND NITBITES. 

Hitrons Acid (so called commercially) is nitric acid containing nitrous 
anhydride. It is yellowish in colour, and evolves reddish fumes. 

Hitritet are all soluble in water, the least so being argentic nitrite. They are 
known as follows (practise upon potassium nitrate which has been heated 
to dull redness or upon sodium nitrite — NaNOj) : — 

1. They give red fumes when treated with strong sulphurio add. 

2. They give an instantaneous blue colour with potassium iodide and 

starch paste on the addition of a few drops of dilute snlphniio 
acid. The sulphuric acid liberates hydriodic acid from the 
iodide, and nitrous acid from the nitrite ; the hydriodic acid 
is decomposed by the nitrous acid into iodine, water, and nitric 
oxide : — 

2HNO2 + 2HI = I, + 2H2O + 2NO. 

[Nitrates, it must be remembered, would give frequently a similar reaction after 
standing, through the possible reduction of some portion of their nitric mcid 
to nitrous acid ; so that unless the reaction appears instantly, and is coofirmed 
by others, it is not safe to rely upon it as a test] 

3. They give a dark brown colour with ferrous sulphate without the 

previous addition of sulphuric acid, as required by nitrates, 

4. Potassium dichromate in solution is converted into a green liquid 

by the addition of a nitrite and an acid. These two latter 
substances also reduce solution of auric chloride, forming a 
precipitate of the metal, possessing a dark colour. 
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SS. VITRIO AOID and HIT&AIB8. 

—is strongly acid and corrosive, fumes in tne air, and 



I. When poured on a piece of copper foil, and a piece of white paper 
held behind the test>tube, orange-red fumes of nitric peroxide 
— N^Oi — are observed 

s. When dropped on a piece of quill in a basin, or evaporated in 
contact therewith, the quill is stained yellow, intensified to 
orange on adding an alkali, and not discharged by wanning 
(disiincHon from the corresponding stains produced by iodine and 
iromini). 

5. Dr<^>ped on a few crystals of brnoine, a deep red colour is 
produced 

W are characterised by the following properties (practise upon solution 
of poussium nitrate — KNO,) : — 

I. All nitrates are soluble in water, especially when slightly acidulated 
with nitric acid. The nitrates of the alkalies are only decom- 
posed by a very high temperature, but nitrates of the heavy 
metals, such as copper, mercury, and lead, are readily decom- 
posed by heat, leaving a residue of oxide. (Argentic nitrate 
leaves metallic silver.) 

9. When heated with tolpharic aoid, they evolve pungent fumes of 
nitric acid 

5. When heated with sulphuric acid and a piece of copper wire, red 
fumes of nitric peroxide are formed in the tube. 

4. When mixed with a solution of ferrous solphatc in the presence of 

filphnric acid, a black coloration is produced, due to the 
formation of nitrosyl ferrous sulphate. On heating, the colour 
disappears, and \!tit ferrous is changed to the ferric sulphate. 

— Tbcie are two wijn of appljring this tett : — 

(fl) Place a drop or two of the lolution on a white porcelain slab or crucible lid, and 
haring added a drop of strong sulphuric acid, put a small and clean crystal 
of the iierrous sulphate in the liquid, when a black ring will gradually form 
round the crystal. 

(^) Place the tolation in a tube, and having added some strong solution of ferroot 
■Uphate, caatiottsly pour some strong sulphuric acid down the side of the 
tsbe, to that it sinks to the bottom by reason of its great gravity without 
Biiing with the fluid. If nitric acid be present, a dark line wiU be formed 
at the junction of the two liquids. 

5. Treated with sulphuric acid, and a few drops of indigo sulphate 
added, the blue colour of the latter is destroyed, being changed 
to yellow (not characteristic). 3C,,Hi^NtO, (Indigotin) -H 
4HNOB =: 6C|H,NO, (Isatin) + 4NO -h 2H,0. 

6. The moat delicate test for nitrates b, however, phenol -sulphonio 
(sulphhcarbolic) acid. This reagent is prepared by dissolving 
one part of carbolic acid in four parts of strong sulphuric acid, 
and then diluting with two parts of water. A few drops of the 
solution to be tested are evaporated to dryness on a porcelain 
crucible lid over the water l>ath, and while still over the bath 
a drop of the reagent is added, when a reddish colour is im- 
mediately produced, owing to the formation of nitro-phenoL 
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24. CYANOGEN, HYDROCYANIC ACID, and CYANIDES. 

Cyan(^en — (Cj^Nj) or (Cy,) — is a colourless gas, which is recognised — 

1. By its odour of bitter almonds. 

2. By its burning in the air with a peach-blossom-coloured flame, pro- 

ducing carbonic anhydride and nitrogen, 

3. By forming ammonium oxalate when passed into water. 

HydrocTanic Aoid — HCN — is volatile, soluble in water, and possesses a 
characteristic faint sickly odour of almonds. Its reddening action on litmus 
paper is very transient. Its tests are four in number, as follows : — 

1. T^ Silver Test. — Argentic nitrate gives a curdy white precipitate 

of argentic cyanide. The precipitate is soluble in ammonium 
hydrate and in strong boiling nitric acid, but not in dilute 
nitric acid ; nor does it blacken on exposure to the li^ht. 

2. Scheeie's Iron Test — An excess of solution of potassinm nydrato is 

mixed with the solution. To this a mixture of a farront and a 
ferric salt is added, and the whole acidulated with hydrochloric 
acid. If hydrocyanic acid be present, Prussian blue will be 
formed. 

The explanation of the test is as follows (according to Gcrhardt's view) :«> 

(1) The hydrocyanic acid and the potassium hydrate form potassium cyanide. 

(2) The addition of the ferrous salt produces ferrous C3raniae. 

(3) This reacting with the excess of alkali forms potassium ferrocyanide. 

(4) On the addition of the ferric salt, it is at first precipitated by the excess of alkali, 

as ferric hydrate, which on acidulation dissolves to ferric chloride, fonaii^ 
ferric ferrocyanide (Prussian blue). 

(i.) 6HCN + 6KH0 = 6KCN + 6H,0. 
(ii.) 6KCN + jFeCl, = 3Fe(CN), + 6KC1. 
(ui.) 3Fe(CN), + 4KHO = K^FeCCN)- + 2Fc(HOU 
(iv.) 3K,Fe(CN)j + 2Fe,a« = (Fe,),(Fe(CN)e), + w KCL 
Or the whole may be shown in one equation, thus : — 

18KCN + 3FeCl, + 2Fe,ae = (Fe,)^Fc(CN)e), + 18 KCL 

3. The Sulphur Test — A few drops of yellow ammoninm tulphydiate 

is added, and the whole is evaporated to dryness at a TWy 
genUe heat, with the addition of a drop of ammoninm hydzmte. 
A residue is thus obtained which (when cold) strikes a blood- 
red colour with ferrio chloride, not dischargeable by hyte^ 
chloric acid, but at once bleached by solution of mezeuiD 
chloride. 

fhis colour is due to the formation of ammonium thiocyanate (which takes place 
when an alkaline sulphide, containing excess of sulphur, is brought into 
contact with cyanogen) — 

2HCN + (NH4),S + S, = 2NH,CNS -I- H^, 
and subsequent production of red ferric sulphocyanide. 

4. Schbnbein^s Test — Filtering paper is soaked first in a 3 per cent. 

alcoholic solution of gnaiacnm resin, and then in a 2 per cent. 
solution of cupric siuphate, and exposed to the air. When 
this paper is either moistened with the suspected solution or 
exposed to its vapour, a blue colour is produced. 

Cyanides are known (practise upon solution of potassium cyanide — KCN)— 

1. By effervescing and giving off the odour of hydrocyanic acid when 

heated with snlpnuric aoid. 

2. By answering to all the tests for hydrocyanic acid above mentioned. 

Note» — In applying the silver test to a soluble cyanide, the reagent must be added 
in excess, as argentic cjranide is soluble in alkaline cyanides to form dovbitt 
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qranidcfl of filver and the alkali u^. Kxce«« of ar^gentic nitrate, however, 
dccoropoacii these compounds and fornix insoluble argeniic c>anide. The 
prerioas addition of a ihf^ki excess of dilute nitric icid ensures the immediate 
aeparatioQ of the argentic cyanide, by preventing the reaction just referred ta 

J. Insoluble cyanides yield cyanogen when heated yVr it in a small 
dry test-tube, the open end of which has been drawn out into 
a jet after the introduction of the cyanide. The application of 
a light to the jet gives the characteristic flame of cyanogen. 

SB. CTAIIO ACID and GTAHATE8, CTAVXTBIG ACID and 

FULMIHIC ACID. 

Adi - HCVO— IS characteriMd — 

I. By being a colourless hquiil, havintr a strong punf^ent odour, ^eatly resemUing 
acetic acid, or very weak sulphurous acid, and forming ammonium bicar- 
bonate on adding water. 

X, By changing into a white solid isonur on keeping, heat t>eing evolved, but no 
decomposition occurring. 

ate known — 

1. By ^ving, when moistened, a bicarbonate. (The potassium salt— KC NO — for 
instance forms potassium bicarlionate— KHCOj.) 

2. By producing area when e\'aporate<l with an ammonium «alt. 

Adi is a polymeric modification of cyanic acid, which is recognised — 
I. By being a crystalline solid, yielding cyanic acid on applying heat. 
X. By not kieing decomposed by strong hoc HNO, or Hy.SO«. 

Alii (intermediate l>etween the two above acids) differs from both by the fearful 
exploaibiiity of its salts. 

Vi. THI0CTAHATE8 (Sulphoeyanates). 

(Practise upon solution of potassium thiocyanate — KCNS). 

lllflMWymitfH are recognised — 

I. By evolving hydrocyanic acid and depositing sulphur on heating 

with tiuphiurie add. 
a. By producing with Fe^Clf, or any ferric salt, a blood-red solution 
iA ferric thiocyanate —Y^^ (CNS). — not destroyed by HCl (</ij- 
titution from acetate)^ but bleached by merourio chloride 
(distinction from meconate). 

27. FE&R0CTAVIDB8 

(Practise upon solution of potassium fcrrocyanide — K4Fc(CN),.) 

VvroeymaidM are mostly insoluble in water, except those of the metals of the 
tm and second grou[)s. They are characterised — 

I. By giving off hydrocyanic acid and forming a deposit on heating 
with diluted tnlp&nrio add. 

a. By giving with FeSO^ or any ferroat lalt a white precipitate 
of potassium ferrous . fcrrocyanide — K..Ko(Fe(C'N),) — changing 
quickly to blue. 

5. By yielding with Fe,Cl« or any ferrio salt a dark blue precipitate 
of/vwy^rr<«n<i/i/jV—(Fe«) (I* c(('N)^)j-- insoluble in HCl, but 
turned reddish-brown by KHO, which decom|)oses it into 
fcnic hydrate and p)otassium fcrrocyanide. The original blue 
IS restore<l by adding HC1. 

4« Cipfie Miti produce a reddish-brown precipitate of ruprir fcrro- 
c)ramde—Cu,Fe(CN)^— insoluble inacicls, dissolved by NH|HO 
but left unaltered on e\a|K>rating off the atnmonia. 
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5. By precipitating white plumbic ferrocyanide from solutions of lead 

salts. 

6. By yielding white mercuric ferrocyanide with a meronric salt. 

7. By giving a white gelatinous precipitate of zino ferrocyanide on the 

addition of solutions of zinc salts. 

8. By producing with argentic nitrate — AgNO, — white gelatinous 

silver ferrrocyanide, dissolved by NH4HO on heating. 

None of these precipitates can be produced in alkaline solutions; and th^ farm 

best in slightly acid solutions, 

28. FEEEICYAVIDES. 

(Practise upon solution of potassium ferricyanide — KeFe2(CN)i,.) 

Most fenricyanides are insoluble, those of the alkalies and of the barium 
group being exceptions. They are recognised — 

1. By yielding an odour of hydrocyanic acid, and a deposit on heating 

with diluted sulphuric acid. 

2. By producing with FeS04 or any ferrous salt dark-tinted TurM- 

bulis blue — Fe3Fe2(CN)ij — insoluble in acids, but forming 
K8Fe2(CN)i3 when boiled with KHO, and depositing dirty 
green Fe (H0)2. 

3. By producing no precipitate but a brownish coloration when 

added to FegClg or any ferric salt in solution (distinction from 
ferrocyanide). 

4. By giving no precipitate in a lead solution (another distinction from 

ferrocyanide). 

5. By throwing down mercurous ferricyanide of a brownish-red colour 

from a mercurous solution. 

6. By yielding with argentic nitrate solution an orange precipitate of 

argentic ferricyanide {another distinction from ferrocyanide). 

29. H7F0PH0SFHITES. 

(Practise upon solution of calcium hypophosphite — Ca(PH202)2.) 

All soluble except the silver salt. The following reactions serve for their 
detection : — 

1. When heated in a solid state, they take fire, evolving phosphuretted 

hydrogen, and leaving a residue of pyrophosphate. 
Note, — This must be done on porcelain, as they destroy platinum foil. 

2. With argentic nitrate they give a white precipitate, which turns 

brown owing to its reduction to metallic silver. 

3. With mercuric chloride they yield, when slightly acidulated with 

HCl, a precipitate of calomel, which, on heating, turns dark, 
owing to a reduction to the metallic state. 

4. After removal of the base, the free hypophosphorous acid, when 

boiled with solution of oupric sulphate, will give a deposit of 
metallic copper. 

5. Treated with ammonium molyhdate — (NH4).^Mo04 — they give a 

fine blue precipitate. As afterwards mentioned, phosphates give 
a yellow, and consequently when the solution contains both 
classes of salts the precipitate is green. This forms an excellent 
and rapid method of checking any commercial sample i£f 
hypophosphites. w 
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They are distinguished from phosphites by not giving precipitates with 
bariuro, or caldum chloride, or with plumbic acetate. In performing 
4th reaction^ the base, if calcium, is removed by oxalic acid, if barium, by 
id, and if a heavy metal, by sulphuretted hydrogen. 



90. PHOtPHOBOUB lCII>~H»POi— and PH08PHITB8 



at follows : — 

i. Ilcmtcd OQ pUtinom foil, they born. Tbey are powerful reductng affenti. 

a. The only poofphitcs soluble in water are thoae of K, Na, and NH^ bat acetic 
acid dusolvcs all, except plumbic pbotphite. 

3* With ttnc and sulphuric aad (nascent hydrogen) they yield photphuretted hydro- 
gen, baming with an emerald-green colour, and throwing down Ag|P. as well 
as Ag from AgNOj in solution. 

4. They give precipitates with neutral barium, and calcium chlorides, and also with 

plumbic acetate, which hypophoftphitcs do not. 

5. Heated with mercuric chloride or argentic nitrate, they yield a predj^itate of 

metallic mercury or silver. 

sHgCl, ♦ aHjPO, ♦ all,0 = aH,PO, + Hg, + 4Ha. 

IL MHA. AVD PT&O-PHOSPHOEIC acids and THEm 8ALTS. 



Acii—KPO,— is a glassy solid, not volatile by heat. It is freely soluble in 
\ and b convert^ hy boiling into orthophosphoric acid. It is known bv giving 
a white precipitate with ammonio-argentic nitrate, and by its power of coagulating albumen. 
are known by — 
U Giving no precipitate with ammonium chloride, ammonium hydrate, and mag- 
nesium sulphate, added successively. 
X. Gtvtag a white precipitate of argentic metaphosphate — AgPO|— with argentic 
nitrate only in neutral solutions, and soluble both in nitric add and am- 
monium hydrate. 

Acii — H^|0,— is also soluble in water and convertible by boiling into 
«nbofihosphoric acid. It gives a white precipitate with ammonio-argentic nitrate, but 
4oes not coagulate albumen. Pyrophosphates are insoluble in water, except those of the 
■LfciTws Their tests are not verv well defined, but they give — 

I. A white prcdpitaie 01 argentic pyrophosphate —Ag^P^T — with argentic nitrate 
in a neutral solution only, and soluble both in mtric acid and ammonium 
hydrate, 
a. (Nll4)|Mo04 does not produce an immediate predpitate. 

a OSTHOPHOSPHOaiC ACID and ORTHOPHOSPHATES. 

fctWyhotphorio aoid — H3PO4 — is a liquid with a strongly acid reaction, 
coQverted by heat first into pyro- and finally into meta-phosphoric acid, 
which remains as a glassy residue. It is — 
1. Not volatile by a red heat. 

a. It gives a yellow precipiute of aigmtic phosphate — Ag|P04 — when 
ueated with ammonia-argentic nitrate, soluble both in nitric 
acid and ammonium hydrate. 

Ikc^katii are as a rule insoluble in water, except the alkaline ones. They 
are readily soluble in dilute acids, and entirely reprecipitated on neutral- 
aing by an alkali or an alkaline carbonate. Calcium, strontium, and barium 
phospbates are only partly soluble in dilute sulphuric acid, being converted 
mto a soluble phosphate and an insoluble sulphate of the metal. If the 
noliible sulphate be filtered out, the addition of an alkali causes only a 
slagbt precipitate of a dimetallic phosphate, and a phosphate of the alkali 
ttied is left in solution ; but it is only after the use of sulphuric acid that 
any photpbate thus remains dissolved. 

IkMfkatii aro detoetad as follows (pmrtise on solution of disodium-phos- 
phate— Ka,HPOJ— 
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I. With baiiom or <mlcnoa ehlorido white precipiutes are produced, 
soluble in acetic acid (distinction from oxalates) and all stronger 
acids. 

9. With aigentie nitrmta a lemon-yellow precipitate of argentic phos- 
phate forms soluble both in nitric acid and ammonium hydrate. 

3. With ferrie eUcuida in the presence of aHiinmilDa aoeUto a white 

precipitate of ferric phosphate appears, insoluble in acetic acid. 

4. With "^^f^^ mixture phosphates yield a white cr)-stalline pre* 

cipitate, formmg slowly in dilute solutions, consisting of ammo- 
nium-magnesium phosphate- -Mg(N 114)1*04 + 6H9O — soluble 
in acetic and all acids. 

5. With solution of ammoniom molybdato in nitrie aeid a yellow 

precipiute is nroduced, insoluble in nitric acid, but soluble in 
tamoniam hydimto. 

6. With nranie nitrate— UrO.(NO,)t— phosphates yield a yellow 

precipitate of uranic fhosphate. also insoluble in acetic acid. 

7. With merooroiu and humathoiu nitratet white precipitates arc 

formed, the former soluble and the latter insoluble in nitric 
acid. 
S. With any aolaUe Mit of lead a white {irecipiute of plumliic phos- 
phate is produced, soluble in nitric acid, but insoluble in acetic 
acid or ammonium hydrate. 

Note. — Magnesia mixture is made by dissolving ordinary magnesian 
carlx)nate in a slight excess of dilute IICl, then adding to this solution \ 
of its bulk of strong NH4HO, and finally stirring in solid NH4CI unul the 
precipitate is dissolved. 

SS. ABCTIOUB ACID ud AK8KnT£8. 

Araanioos Add— HJUOi— is not known in the free state ; but its anhydride 
— As,0| — is commonly sold as arsenious acid, and when — 

V. Dropped upon red- hoc charcoal or coal, or heated in a dry tulje 
with black flux (or a mixture of drv Mnlium carbonate and 
potassium c)*anidc), arsenic— Aa« — is set free, and volatilises 
with an odour of garlic, producing a steel -grey mirror on the 
sides of the tube. 

9. Dissolved in water only, and aBUBonio-tiftntie nitrate added, a 
caiur)- -yellow prec'ipitate of argcntK' arsenitc AgjAsO, — is 
produced, soluble in excess of either NH^Hf) or UNO*. 

5. A pure aqueous siilution, mixed with ammonioeiiprie filpnnta, 

gives a bn^ht-green cupric arvenite- \:heei€S green -~il\xH\f^Ji 
— also soluble in NII^HO or in HNOj. 
4. Any sfiluiion >ields all the reacticjos for araenie (%ee |age 15). 

Artanitet Ixhave peculiarly in many res|K-cts. .•Xmmonium ar^nite leaver 
arvrninus acid on eva{»orating a v>luti<m, mhile (MJtasMum an«l sodium 
ar^eniies |>ossess a degree of alkalinity which no excess of arsenious acul 
will disturb, lia, Sr, and Ca f(»rm soluble hydrogen salts. All other 
ar^nites are insoluble. 

Neutral v>luiions of araenitM are possessed of the undermentioned distinctisx 
peculianties : — 

1. CnSOi throws «l«mn greenish «"!iprirh\i!ro^i;on nr^cnitc. 

2. A|^MO, \^ transforint*! tni«» ycl|t»w inv>Iube ar^rntw .irsrf.ite. 

3. H 8, tn the pre^fn.f ■;/ h\Jr. ^ktWu thtJ, j;»\cs j \eil'in pre* ip:!atc c i 

arsenious vuli'hhle. 

4. The vhUtion ^i^e^ the usual rurtionv for artcnie fsee | >•!«:«* 15). 
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31 AB8BHIC ACID and AE8EHIATE8. 

Anado AcM — HjAfO^-is known by the following characters : — 

t. The o^-stals arc deli<]ucsc6nt, white, and strongly acid. Heated, 

they leave a residue, which, on moistening with water, is also 

acid. 
S. It b strongly corrosive and blisters the skin. It gives brick red 

AgjAsOf on adding ammonio-Ari^iitie nitrate. 

AlMdatas behave in every respect exactly like phosphates, except that they 
me a brick-red precipitate with argentio nitrate, instead of a yellow. 
insoluble arseniates are best treated by l>oiling with NaHO, filtering, exactly 
mtmtrahsimg the filtrate with dilute HNO^ and then getting the brick-red 
precipitate with AgNO^ 



38. MAHOAHATES. 

are mifttable oompuuiuU, and only the alkaline salts dissolve in water, forming 

1. Soluble manganmtes decompofte spontaneously, depositing MnOp the green coUmr 

changing to purple or reddiiJi violet, owing to the formation uf a |>crman- 

ganaie, 

3K,MnO^ + 2H,0 = 2K.\InO, + 4KIIO + MnO^ 
a. Dilate acids elFect this change more rapidly, and the reaction is very delicate. 

The free hvdrate is then replacetl by a salt of the acid u»ed. 
3* Stroog. heated l1|SO« acts as represented in this equation : - 

K^Mn04 + 2Hr^< ), = K^SO, 4- MnSO, -f- 211,0 + O^ 
4» Strong IICI causes the evolution of Cly. The other actions are similar to those 

uf lieimanganates, but le>s energetic. 



86. PERMAV0AHATE8. 

(Practise on solution of potassium permanganate — KMn04.) 

arc known — 
I. By the violet colour of their solutions, which is entirely bleached by 



oialie aeid or by heating with hydroohlorie aoid and dropping 
in reetifM tpiri't 
2KMn04 + 5H,C,04 + 3H^04=K^04-h2MnS04-|.ioC:0, + 8H,0. 
a. By giving oJfT oxygen on heating. 

3. By giving oflf oxygen when heated with inlphnrio acid, often with 

explosive violence. 

4. By evolving chlorine when simply mixed with hydroohloric aoid. 

5« By getting the reactions for manganese after reducing with HCl ami 
a few drops of aleohoL 



S7. CHEOMIC ACID and CHE01IATE8. 

Add — H,Cr04 — not being capable of isobtion, is represented by 
its anhydride — CrO,. This is a dark red cr>*stalline solid, giving off oxygen 
when heated, and when mixed with an aqueous solution of hydrogen peroxide 
^lH,Oy) — in ether a deep blue li(]uid results. 

Tbii test, for either CrO, or H,Oj, is exceedingly delicate, the ethereal 
ftohition of perchromic acid separating from the water and thus concentrating 
the cc4oitf into a tmall bulk of ether. 



46 DETECTION, ETC., OF ACID RADICALS. 

Chromates of the alkalies are soluble, while those of the other metals are 
chiefly insoluble, but have brilliant yellow or red colours. They are very 
poisonous, and are detected as follows (practise on solution of K.JCxOa and 
KjCrjOy respectively) : — 

1. Soluble ohromates give a yellow precipitate with plumbio aoetate 

or barium chloride, soluble in nitric acid, insoluble in acetic 
acid. The lead salt is darkened in colour by alkalies, and is 
freely soluble in excess of hot KHO. 

2. With argentic nitrate a dark red precipitate, also soluble in nitric 

acid, and in NH4HO, but not in acetic acid. 
3* Boiled with hydroonloric acid and alcohol, or any reducing agent, 
they turn green, owing to the production of chromic chloride. 

4. Treated with snlphnretted hydrogen, in the presence of hydrochlorie 

acid, they turn green, and a deposit of sulphur takes place : — 
2K2Crj07 4- 16HCI + 6H2S = 2CrjCl« 4- 4KCI + 3S3 H- i4HaO. 

5. Soluble chromates treated with an acid turn orange ; and soluble 

dichromates, when treated with potassium hydrate, turn yellow. 
In this way they are mutually distinguished. 

6. Heated with strong H2SO4 they give off oxygen. 

7. Treated with an excess of sulphuric acid, and shaken up with 

solution of hydrogen peroxide in ether, they give a gorgeous 
blue colour. 



38. STANNIC ACID and STANNATES (Stannitet ?). 

This is thrown down by an alkaline hydrate from a stannic salt, and is also produced by the 
action of nitric add upon tin. 

Stannates are formed by the solution of the acid in an alkaline hydrate, and are detected in 
the examination for metals. 

Staxuiites are said to be formed by the solution of stannous hydrates in an alkaline hydrate. 
They decompose on boiling with KHO, forming stannates and throwing down metallic tin. 



39. ANTIMONIC ACID 

Is produced by the action of nitric acid upon antimony as a white powder. Its presence is 
detected during the examination for metals. 

40. FOKHIC ACID and FOBKATES. 

Fonnio Add — ^HCHO, — is the organic add which contains the highest 
percentage of oxygen, and approaches most nearly in composition to the 
supposititious carbonic acid — H^COs. ^^ ^^ a tolerably stable liquid, boiling at 
the same temperature as water. Formates are all soluble in water, and behave 
as follows : — 

1. Heated to redness they decompose without blackening. 

2. Heated with H^SO^ they evolve CO, which, being free from COj, 

gives no effect when passed through lime-watery but btuns with 
the usual pale blue flame. The reaction is — 

HCHO, = CO + H,0. 

3. They readily reduce argentio nitrate, when boiled, metallic silver 

separating as a mirror on the tube. 
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41 ACEnC ACID and ACETATES. 

Practise on sodium acetate— NaC,H,0,.) 

This acid is characterised by its odour of vinegar. The strong acid chars 
vliesi heated with strong H1SO4. 

AattalM are all soluble in water. They decompose at a red heat— if the 
heat tite gently and the mass be not alkaline— yielding actions, and leaving 
a carbonate, oxide, or metal, according to the nature of the basic radical. 
When heated with alkalies marsh gas^CH^—xs evolved. The reaction is of 
this types— 

NaCfHjO, + NaHO - Na,COj +CH4. 

In the case of no alkaline hydrate or carbonate being present, the following 
is an example of the effect of heat on aceutes :— 

Ba(C,H,0,)i - BaCO, + C|HeO (Acetone). 

Acetates of easily reducible metals, such as copper, yield, when heated, a 
dittillate of acetic acid, leaving a residue of the metal, or in some cases of 
The presence of acetates is analytically determined as follows : — 
I. By evolving an odour of acetic acid when heated with tulphnric 



a. By a characteristic apple-like odour of acetic ether— C)H|(C«H30|) 

— which they evolve when heated with inlphnric aoid and 

aleohoL 
3. By the deep red colour which they produce with neutral ferric 

chloride — ferric acetate, Fc,(C,HjO,)g — dis.hargeabie by both 

hydrochloric acid and mercuric chloride. 

49. YALEBIAEIO ACID and TALERIAHATE8. 

Takrinaie Aeid— HCAO^— is a liquid, which is^ 

Volatile, malodorous, colourless, and oily. It reddens test-paper, and 
dissolves in most menstrua. 

The general characters of yalerianatac are :— 

I. A more or less strong odour of valerian root when warmed or 

moistened, 
a. They give, when heated with inlphnric add, an odour of valerian 
and a distillate which, on the addition of solution of cnpric 
acetate, forms, after the lapse of some time, an oily precipitate ; 
gradually solidifying, by the absorption of water, into a greenish- 
Uue cr>*stalline solid. 

4a. SVLPHOVIVATES (Ethyl ralphatcs). 

These salts, derived from ethyl hydrogen sulphate— CsH|H804— behave 
as follows: — 

I. Heated with strong snlphnrio add, they evolve a faint ethereal 
odour. 

a. They give no predpiute in the cold with barinm chloride ; but on 
boiling, a white precipitate of barium sulphate falls, and a smell 
of alcohol is perceived. The addition of a little solution of 
bariOA hydrate after the chloride and before boiling, faciliutes 
the reaction ; but in this case all metals precipitable by a fixed 
alkali must first, of course, be removed. 

3. Heated to redness, they leave a sulphate of the metal. 
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4. Heated with snlphiirie acid and an aceUta, or with stnmf aaetie 
acid, they evolve acetic ether with its characteristic odour of 
ap|>les. 

44. STBASIC ACID-HC,,H,.0,-aad 8TEAKATB8. 

This acid is dtstingiitshed by the following characters : — 

I. A white, odourless, fatty solid, melting hy heat and soluble in 

al>solute alcohol, the solution ha\ing an acid reaction, 
t. (living, when dissolved in KHO and the solution as nearly neutral- 
iM:d as iNJssilile, a white insoluble pretipitate of plumbic stearate 
— -lM><(.:,gll„():),— on the addition of plambio aoeUte, which is 
insoluble in ether (distinction from plumbic oleate). 

Stetimtes of the alkalies are alone soluble in water. 

Any stearate heated with dilute HCl gi\es the free and, which floats 
as an i>ily li<juid, s(»lidifying on ciKiling to a white mass. This 
test is ap|)li(aMe to the analysis of soap (4<ir</, containing Na, 
or soft, in which K is present). 

45. OLEIC ACID and 0LEATB8. 

Oleie Add— HC,i,H3)0,— is usually an oily li<|uid, but remains solid below 
15® C. when crystallised from alcohol. 

It does not dissolve in water, Init is taken up liy ether and liy strong 
alcohol, the btter solution being acid m reaction. 

Oleatee of K and Ha alone dissolve in water. .Acid oleates arc all liquid and 
soluble in cold absolute alcohol and ether. 

I. They do not se|iarate out from either of these s(»lvents when a hoc 

solution is cooled (dntimtion from stearatts ahJ palmitates). 
a. riumbic oUate is precipiiable like plumbic stearate, but is sefttratcd 
and distinguished from it by dissolving in ether. 

46. LACnC ACID-HC,H»0,-4Bd LACTATES. 

I'he pure strong acid resembles f^iyarint in ap^iearanre, liticrates hydrogen 
on adding /inc, and c»n heating takes tire anil burns a a ay with a |alc flame, 
gradually iK-coming luminous. It diss4>lvcs in ether. It gives pure CO when 
hcateil with su!|>huri«' .ind. Hoiled with solution of |K>t.issium |iermanganate 
it gives the odour of aldi hyd. 

Laetatee are not ver>' soljble m mater. 'l*hey^ 
I. Arc ins4iluble m ether, 
a. Ar^tntu /ii4-/ii/r— .XkiCJiiO^ — when lM>iU*d gi\c5 a dark precipitate, 

which «>n sut»s)den< c leaves a hiut iiifyiJ. 
y Strong s«*U;tion of an alkaline lactate, when Uiileil with HgNO^ 
de|toMts tnmi^^m tir fit A nicrcuruus Ij« tate ngj(J^i(|< }^^ 

47. OXALIC ACID and OXALATES. 

(Pra» tise on oxalic ai ul — H^C\<)«— and <»n ** sa!t\ of sorrd.'*) 
The ai ui is recognised -- 

1. Hy Us colourlcs* prunulic crystals, whtch are stron;:lyai id. rtW ircsi e 
when eK|M»sed to dry air, and volatilise "n heating with {urtul 
dec* 'm|M IS It ion. 
t ty the ciw.patc divhar^e it effects of the f*il'rtir of a solutun of 

potaanmB permaafanate ac idulated wi.S dtlvte H S0«. 
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5. By producing freeH2804 when added to solution of CuSO^. (Thi^ 
is one of the ver)* rare instances in which SO4 is replaced by 
mnother acid radical and H SO4 liberated.) 

4. By giving the reactions of an oxalate. 

of the alkalies are soluble, the others insoluble, in water. Insoluble 

dissolve in hydrochloric, but not in acetic acid. They are known by — 

I. Not charring when heated, but only turning faintly grey ; followed 

by a sudden glow of incandescence, which runs through the 

mass. 

3. Not charring when heated with tnlphnrio acid, but yielding CO and 

COi with effer\'escence. 

3. Not effervescing with cold dilute sulphnrio aeid; but at once 

liberating CO, with effervescence on the additon of a pinch 
of manganeia peroxide. 

4. With calcium chloride or barium chloride in a neutral or alkaline 

solution^ they give a white precipitate of calcium or barium 
oxalate, insoluble in acetic acid^ but soluble in hydrochloric acid. 
(For separation of oxalates from tartrates, etc., sec No. 78.) 

48. SnCCIHIC ACID~^H,C4H404-aiid SUCCIVATES. 

Tk«» arid U \ white crystalline soli'1. It is known - 

1. By noC charring with strong hot sulphuric acid. 

X. By sabhming in a tube o|)en at Ixith emU, in silky needles, wit funs t ^^vin^ cjjf am 

trritattmg fafnmr (distinction from benzoic acid). 
3. By burning, when heated on platinum, with a blue smokele!^ flame. 

are recognise*! as follows : — 

I. With ferric chloride, a brownish-red precipitate of ySrmV jj«'<-iifa//—Fe,{C,H,0/, 
— is formed. 

a. With hydrochloric and sulphuric acids no precipitate is produced (Jisttmtion from 
l^msfio/fs). With fiumbu acttate^ a white precipitate i^i plumbic suuimat*, 
soluble in succinic acid, succinates, and plumbic acetate. 

y, Barium ttunnate is soluble in hydrochloric acid, hence no cfTcct results from the 
ad<litioo of succinic acid to ttarium chloride ; but on the further addition of 
alcohol and ammonium hydrate, a white precipitate is formed [anothtr foimi 
0^ dtiUncti^n from bentotUts), 

49. KALIC ACID and MALATES. 

acUi-H,C^O| — it a colourless, crystalline, very deliquescent acid, freely soluble 
m waia and alcohol Acid maUtaa are most stable. The characters are : — 

I. Calcium chloride, added to a neutral solution of a malate, giires no precipitate. 

Alcohol, lK>wever, even if added in small quantity, throws down a white 

precipiute ; and boiling aids the effect. If boded with lime water, caldum 

malate dissolves. Calcium citrate is insoluble. 
X. Strong ilfSO« gives no charring for some time (« tartratt is carK>misfJ im a few 

mummtes). 
3. Amorptioiit ptmmh'f malati fiisei below 100** C. in water, but not in an air-bath. 

50. TABTABIC ACID aud TABTEATE8. 

(Practise upon the free acid and also upon " Rochelle salt.") 

Acid — V^JSLfi^ — is a strong acid, soluble in water and spirit. 

I. It forms usually oblique rhombic prismatic cr^'stals, of an arid taste. 

J. It is decomposed by heat, giving off the odour of burnt su^ar, and 
leaving carbon. A similar effect is produced by warmmg with 
strong H^SOi, which blackens and carbonises it in a few minutes. 

3. With potasmum acetate— KC,H,0.— it produces a white cr>stalline 
precipitate of potassium hydrogen tartrate — KHC^H^O, — in 
either an aqueous or an alc( holic solution, soluble in much 
water, but not in spirit Stirring or violent shaking promotes 
the formation of the salt 
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The same compound is produced on adding any potassium salt, provided 
the liquid contain excess of free tartaric acid only. 

Tartrates of the alkalies are mostly soluble ; but the others are insoluble. 
The acid tartrates of K and (NH4) are nearly insoluble. Tartrates are 
recognised by the following characters : — 

1. Heated to dull redness they ohar rapidly and give off a smell of 

burnt sugar. The black residue contains the metal as cax- 
bonate if it be K, Na, Li, Ba, Sr, or Ca ; but the tartrates cf 
other metals usually leave the oxides, or more rarely (as in d:^ 
case of AgjCiHiOe) the metal. 

2. Heated with strong snlplmrio acid, they blacken rapidh^ and give 

first a smell of burnt sugar, and afterwards evolve 80^ 

3. Neutral solutions (free from more than a trace of ammonium salts) 

give, on adding calcium chloride, a white precipitate of calcium 
tartrate^ which, when freed from other salts by washing, dissolves 
readily in cold solution of potassium hydrate, but is again pre- 
cipitated on boiling. The precipitate is somewhat soluble in 
NH4CI, but not in NH4HO. 

4. Mix a tartrate with sodium carbonate, and filter the slightly alkaline 

solution, so that the only metal present shall be sodium. If 
this clear solution, after slight acidulation with aoetio aoid, be 
mixed with argentic nitrate, the whole on heating nearly to 
boiling in a clean tube, deposits a beautiful mirror of metallic 
silver upon the test-tube employed. 

5. A tartrate prevents the precipitation (more or less perfectly) of the 

salts of Pb, Bi, Cd, Cu, Pt, Fe,, Mn, Ni, Co, Cr, and Zn, by an 
alkaline hydrate in excess, or by a phosphate. 

61. Crr&IC ACID and CITEATES. 

(Practise upon the free acid and upon potassium citrate.) 

Citric Acid — H3C0H5O7 — is soluble in water and alcohol, but insoluble in 
pure ether. It entirely burns away when heated to redness in the air; 
blackens slowly when heated with strong sulphuric acid ; and when neutral- 
ised by ammonium hydrate, and cooled, the solution gives no precipitate 
with calcium chloride until it has been boiled. Added to ferric, chromic^ 
or aluminic salts in solution, it prevents their precipitation by ammonium 
hydrate. 

Citrates exhibit the following characters : — 

1. Heated alone, they char slowly, and evolve an odour of burnt sugar, 

but not so intense as that of a tartrate. At a dull red heat, the 
citrates of K, Na, Li, Ba, Sr, and Ca leave their carbonates ; 
but those of most other metals leave the oxides. Argentic 
citrate leaves the metal. 

2. Heated with strong sulphuric add, they shwlv blacken, and evolve 

a slight odour of burnt sugar. 

3. Mixed in the cold with oalciam chloride, in the presence of a d^t 

excess of ammoniam hydrate, they give no precipitate ; but on 
boiling, calcium citrate — Ca5(CeH507),— separates as a white 
precipitate. If this precipitate be filtered hot, and washed with 
a little boiling water, it is found to be quite insoluble in cold 
solution of potassium hydrate, but readily soluble in neuMl 
solution of cupric chloride. 

4. Mixed with argentic nitrate and boiled, no mirror of metallic sflver 

is produced. 
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81. MBCOnC ACID and XIOOVATBS. 

Adl— H,C^O,SH|0— is a white powder, with a strongly add 
tofaUe in water, alcohol, and ether, and giving the reaction for 



communicate a red colour to ferric chloride solution. This colour 
diukargid fy JfgCif nor by dilute HCl (distinction from a sulpfuh 
€ymmnit nmd mm mcetate). 

a. CAIBOUC ACIO (or Phenol)~C«H,HO— and CAEB0LATE8 (Phanatos). 

Tlie qualities of this body are very distinctive. 

s. It is a colourless, crystalline solid, melting at not lower than 33^ C, 

and not volatile at 100^ C, having the odour and taste of 

creasote, being very poisonous, and not reddening blue litmus 

paper. 
t. The crystals deliquesce readily, forming a liquid which does not 

mix freely with water, but is soluble in all proportions in alcohol, 

ether, and glycerine. 
^ Mixed with Hul and exposed to the air on a strip of deal, it 

becomes greenish blue. 

4. It coagulates albMmen. It docs not rotate polarised light 

5. Saturated with ammonia gas— VH3 — and heated in a closed tube, 

mniUm is formed : — 

QH.HO -f NH, = C«H.H,N + H,0. 

6. It does not decompose carbonates. 

7. HH^O and CaOCl^ or Va,OCl^ produce a blue liquid, turned red 

by acids. 
S. It unites directly with strong H,804 to form phenol-sulphonic (or 

sulpJuhcarbolic) acid 
9. With DTomine water it gives a white precipitate of tnbromopheno! 

— C|HiBr|Q. 

give the following reactions : — 
1. When heated alone, they evolve the odour of carbolic acid and 

decompose, 
a. Heated with strong svlphoric acid they also smell of carbolic acid. 
3. Vttrrie oUoride causes a reddish-violet colour. 

behave similarly, but, after fusion with EVOj and redis- 
sdving the residue in diluted H(a, they also give the reactions of a sulphate 
with biritun chloride. 

51 BBVZOIC ACID and BBVZ0ATB8. 

wmm Aoil^HC;H|0. — is of chaHicteristic appearance, being usually seen 
light, feathery/flexiDle, nearly colourless crystalline plates or needles, and 
cootatning a trace of an agreeable volatile oil, unless it is the artificial acid 
prepared from naphthalene, when it is odourless. 

1. It » only slightly soluble in water, but dissolves in three paru of 

alcohol, and in solutions of soluble hydrates, 
a. Heated in the air, it bums with a luminous smoky flame ; and 
when made hot in a tube open at both ends, sublimes in 
DCedlcii giving ofl* an irritating vapour. 

^mpomcm the following general qualities : — 

u Heated with tilpiivie aeid they evolve the odour of benzoic acid, 

and darken, 
a. W^nim aUarido, in a solution made slightly alkaline by ammonlam 

kfinla, gives a reddish-white precipitate — ferric benzoate— 
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Fc- (CfHjO,)^ — soliilile in acid^ {hemzou included) If this pre- 
cipitate (k* now filtcre<l out ami digested in ammonium hydnte, 
it is decomposed into a precipitate of ferric hydrate, and a 
solution of ammonium henzoate, which is separated by filtntion 
anil treated as in 3. 
3« Strong hot solutions of ben/oates yield oystals oi htmiau addmhtn 
hydroehlorie aeid is added and the solution allowed to cooL 

&5. SAUCTLIC ACID (HCAO|)* 

This arid occurs in pri<im^, mhen cr\'stallised from a solution in alcohol in 
which it is readily soluMe. It is freely dissolved by hot water, but noC 
readily by rold, rcquirini; r.Soo parts of the latter to completely dissolve it. 
I. It^ aqueous solution gives with ferric tUtloiiiib^d^efvioleia^ifraiUm, 
I'he compounds with methyl, ethyl, etc, give this reaction, as 
well xs the ordinarv salts. 
a. Its methyl ether, formed by warming a salicyLite with tllphuio 
add anil wood spirit has the odour of oil of wintergreen. 
From most other solid IkmIics it nuy he sep;irated l)y taking advantage of 
its exreptionnlly great solul:iltty in ether. In the event of its presence in 
an organic liquid (such as milki, it or its salts nuy Im: procured in a pure 
condition by dialysis. 

56. TAHTIC, OALUC, and PTROOALUC ACIDS. 
Tannic Aeid C2;H».^0,j— is soluble in water and alcohol, and very soluble 
in glyrerine. It is inv)tul)le in pure dry ether, but dissolves readily in 
ether containing a little water. 

Omllie Aeid--H,C;H^O»H,0— is slightly soluble m cold water, but readily in 
iKiilirg ; It is also freely soluble in glycerine, and slightly in alcobd 
and ether. 

Pyrogmllic Acid— C«H,0 is \ery s<ilublc in water, the solution rapidly 
absorbing oxygen frum the air and lK*coming brown. It also 
in alcohol and ether. 

I)i>TiN( HON i:i.iwir.N (;\iLir, 'IAnnic. .\Nt> rYROc;\I.LIC AciDC 

TanM'.*. 



BEIUVIOt'E or IIIK ' 

Acid uitii 



Oalmc. 



Pyrcjoaluc 



Ferrous salts — 
FeSO*. 



I 



Ferric salts — 
Fe,CV 



C*alcium hydrate 
-Ca(OU),- 
\t\ the form of 
MUk of Lime. 



(k*.atine 



A «ia;k vihition 
i> foriiitd. 
gra<liuliy lie- 
|Mriittng a 
pie< i|Htatc. 

i'uipiiNh pre- 
< ipitatc wn- 
nK'iltatc!y 
fifriiK-d. 

.\ br<mni'«h pre- 
* ipi:a:e, lic- 
I oiiwng deep 
brunn in a 
tcw bccunds. 



1 he same e fleet 
as Gallic. 



A blue solution. 



."^ame as pre* 
ceding. 



.\ white preci- 
pitate slowly 
changing. 



.\ red sdutiod. 



I No pri« ip.!a!e Immediate 
(euepttntne brownish 

preM:ncc of |.retipiLite. 

1 gtini). \ 



Instantaneous 
production of 
a purine solu- 
tion Ijecoming 
brown by osi* 
dation. 

No precipiute. 



I 
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87. 8KPAEATI0H OF CHL0EATE8 AHD CHL0RIBB8. 



tctts which follow are applicaMe to testi for adulteratioos, where, for obvioas 
icAioiif, the coofiruutory test for a tuspectcd adulterant would not apply. 

(Practise on mixed solutions of KCl and KCiOf.) 

Add txass of argentic nitrate, filter out the argentic chloride formed, and 
ackhdate with sulphuric acid, and drop in a fragment of zinc, when, if a 
be present, a second precipitate of argentic chloride will form. 

■L SRBCnOV OF CHL0RIBE8 DT THE PKE8EHCE OF BE0MIDB8. 

(To be practised on a mixture of KCl and KBr.) 

Tbe solution is divided into two parts, in one of which the bromide is 
proved by the addition of chlorine water, and shaking up with chloroform. 
Tlie teccmd portion is either (i) Evaporated to dryness, the residue placed 
m a tube retort with a little potassium dichromatc and sulphuric acid, while 
ioto the receiver is placed a little dilute ammonium hydrate, and distillation is 
proceeded with, when, if a chloride l>e present, the liquid in the receiver will 
be coloured yellow ; or (3) Precipitated with excess of AgNO^, washed on 
a flier, percolated with dilute NH4HO (i in 20) and nitric acid added to the 
when a distinctly curdy white precipitate proves the presence of 
This latter method is simple, and rarely fails if, on adding the 
a mere cloud be disregarded. 

NL OniCTIOH OF BE0MIDE8 DT THE PBESEHCE OF IODIDES. 

(Practise on a mixture of KBr and KI.) 
Add to the solution a very small quantity of starch paste and then a drop 



of chlorine water, when a blue colour will be produced, proving the 
Continue to add more chlorine water until this blue is entirely dis- 
1, and then shake up with chloroform, when, if a bromide be present, 
the characteristic golden colour will be communicated to the chloroform. 

ML uncnov of chlorides or the presence of iodides. 

(Practise on a mixture of K.C1 and KI.) 

Add excess of argentic nitrate, warm, pour off the supernatant liquid, wash 
vith warm water, and shake up the precipitate in dilute solution of ammonium 
hydrate (i in 3). The argentic iodide will remain insoluble, while the chloride 
inDdiaM>lve and may be detected in the solution, after filtration, by reprecipita- 
tion with excess of nitric acid. As argentic iodide is not absolutely insoluble 
in ammonium hydrate, a mere cloud on adding the nitric acid is to be dis- 
re^nded. This test is only accurate in the insured absence of a bromide, 
profved as above directed (see 59). 

•L SKPAEATIOV OF AH IODIDE FROM A BROMIDE AHD CHLORIDE. 

(Pnctiic 00 a mixture of KCl, KBr, and KI.) 
I. Add to the lolution a mixture of ooe part enprto talphat* and three parU 



•alpkatt, or mix the solutioa with excess of eapria tmlpkat* and 
dfop in salpliamt aeid till precipitation cex«c«. The ioli<le will separate 
na cnprous iodide — Cuyl| - leaving* the brumi.le an<l chhirule in solution. 
Ualcsa carefully done, thi^ vciKiraiion w not ahwlutcly accurate, or — 
a. Add to the solution pallaiAioma niirmte until precipita: t>n ccaMrv Kilter out the 
pnUadious iodide i»hich separates an«l yxss talphuratted hjdrof ta throoffh 
tbe Itquid to remove exccM of palla<iiuin, and a^^aiii niter, iioil to expel t>^ 
of H|S, and the bromide and chlorule remain in »olui«a«. 
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as. DBTScnov of av iodatb or av iodidb. 

(Practise on a solution of iodine in heated potassium hydrate — KI 4- KIO9.) 

When excess of tartaric acid is added to potassium iodate, iodic add is set 
free ; and when the same acid is added to potassium iodide, hydriodic add 
is set free, and potassium hydro- tartrate formed. Thus : — 

5KI + KIO, + 6H,C4H40g = 5HI + HIO, + 6KHC«H«0«. 

If these acids be thus hl)erated together, they immediately decompose, 
forming water and free iodine : — 

5HI + HIO, = 3l, + 3H,0. 

If therefore starch paste and urtaric acid be added to pure potassium 
iodide no coloration takes place, l>ecause only hydriodic acid is liberated; 
but \i the sample conuins potassium todate, an immediate production of 
free iodine ensues, which turns the surch blue. 

6a. DBTBCnOV OF A SOLXIBLB SULPHIDB DT P&B8BVCB OF A 

8VLPHITB AHD A SULPHATB. 

(Practise on mixed solutions of Na^, Na^O» and Na^O«.) 

Pour the solution on a little cadmium carbonate— CdCOj— filter, and treat 
the insoluble matter with acetic acid to remove any unactedupon cadmium 
carbonate. If a sulphide has been present, a yellow residue of cadmium 
sulphide will remain insoluble in the acetic acid, while cadmium sulphite and 
sulphate will be found in the first filtrate, if these two radicals were present 

M. SEPAEAnOV OF THI08ULPHATB8 FEOM 8VLFHIDB8. 

(Practise on solution of commercial hyposulphite of soda, to which a drop of 

NH^HS has been added.) 

Having obuined a good preliminary idea by heating with HtSO«« add to 
a portion of the original solution — ZnSOi — xn excess, and filter. 

(a) Precipiute white, and soluble m liCl, with smell of HfS. 

= Solphidaa. 
b) A portion of filtrate heated with H,.SO« deposits S and smells of 
SO, ; and another portion added to a drop or two of amroonio- 
cupnc sulphate mstantly causes decolorisation. 

= HjpoiralphitM. 

6S. SEPAEAnOH OF 8VLFHIDB8, aHLFHITBS, and SVLPHATn. 

(Practise on mixed solutions of sodium sulphite and sulphate, to which a 

drop of NH4IIS has been added.) 

Pour the solution on an excess of cadmium carbonate, digest at a gentle 
heat, filler, and examine the precipute for a sulphide as already directed (61). 
The filtrate, which may contain the sulphite and sul( hate, is precipitated by 
barium chloride, the insoluble prcdpiute filtered out and boiled with a little 
hydrochloric acid, which will dissolve the barium sulphite with evolution 
of sulphurous anhydride— SO,— and lca\e the barium sulphate insoluble. 

46. SKPAEAnOH OF SlUaC AVHTDRIDB (SZUCA) FIOM ALL 

OTHER ACnM. 

(Practise upon powdered glass.) 

Fuse the substaxKe «ith a large excess of KNaCO| in a |>latinum crunble. 
and when all action has ceased, cool, and boil the residue with water. 'I1ie 
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into solution with the other acid radicals, and the metals are left 

Acidubte the solution with hydrochloric acid, evaporate to dry- 

and heat the residue to 140^ C, and maintain the heat for some 

Drench the residue with strong hydrochloric acid, then add water, 

boil, when the silica will alone remain insoluble. 

V. Bsncnos of a ixtjutk dt the psesevcb of a hitratb. 

(Practise upon potassium nitrate which has been slightly heated so 

as to partially decompose it) 

Add a little potassium iodide and starch paste, then introduce a small 
of powdered metallic zinc, and lastly acidulate with acetic acid, when, 
4 a nitrite be present, a blue colour will be produced, due to the lilK^ration 
of iodine. This test b often a very necessary one when dealing with drinking 
water, the presence in which of nitrites, derived from the oxidation of 
cxMoparatively recent organic contamination, is a dangerous indication. 

ML BBIBCnOV OF FEES HITRIC ACID DT THE PEESEVCE OF A 

VITEATE. 



with cxcos of barinm carbonate ; filter, and add to the filtrate iome dilute nilphnric 
if the free add it present, a precipitate of barium sulphate will be producciL 
ta ooly ^ood to tbe insured absence of any other acid capable of dissolving barium 
L It will alio serve fur detecting free hydrochloric and acetic adds in presence of 
lalta. 

ML BBncnOV OF A HTTRATE DT THE PRESEHCE OF AH IODIDE. 

(Practise upon mixed solutions of potassium nitrate and potassium iodide.) 

The Caict that the addition of strong sulphuric acid liberates iodine renders 
the proof of a nitrate by the ordinar)' iron process doubtful in the presence 
dL iodides and bromides. In this case proceed by one of the following 
■ethods:— 

1. Boil with excess of potassium hydrate until any ammonium salts 
are decomposed, then add a fragment of zinc and again boil. 
Any nitrate present will be converted into ammonia, which 
may be recognised in the steam with moistened red litmus 
paper. 
a* Warm with a little zinc amalgam and add a little acetic acid and 
surch paste, when the nitrate, l)eing reduced to nitrite, will 
cause the liberation of iodine, and colour the starch paste blue. 
3* Boil with stannous chloride and a large excess of hydrochloric acid, 
which will produce ammonium chloride from a nitrate; and 
by boiling the liquid with excess of potassium hydrate, the 
ammonia gas may be evolved. Of course the absence of 
ammonium salts must be first insured. 

m nPAEATIOV OF CHL0EIDE8, IODIDES, and BE0MIDE8 FROM 

HITEATE8. 



Digest with argentic sulphate, which will precipitate the halogens as sih*er 
and leave tbe nitrate in solution. 



71 nPAEATIOV OF CTAVIDE8 FBOM CHLORIDES. 

(Practise on a mixed solution of KCN and KG.) 

Ackfailate slightly with nitric acid, add txasi of argentic nitrate, wash the 
pMcipitatc thoroughly with boiling water by decanution, allow it to settle 
' r, pour Se all the water, and boil with strong nitric acid, when the 
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mrgcntic cjMnide is dcronip«>sc<i, leavini? the chloride innolulile. The solution 
in nilric acid is diluted and hydros. hloric acitl added, when any dissolved 
silver is delected by |>reci|)itatit»n, as chloruic, thus indicating the presence of 
argentic cyanide in the original mixture. 

72. SEPARATIOH OF FEEEO- FBOM FERRI-CTAVIDE8. 

(Practise U|)on mixed solutions of {K>tassium ferro- and fcrri cyanide*.) 

Acidulate with hydnxhloric acid, add excess of ferric chloride, warm 
gently ; the fcrro<\*anide will lie prciipitated. Four off some of the brownish 
liquid and heat with a little zinc amalgam, when a blue precipitate will form, 
owing to the reiluction of the ferri- to ferro-cyanide. 

73. DETECnOV OF CTAVIDE8 DT THE PEE8EVCE OF FEESO- 

AHD FEEEI-CTAHIDE8. 

(Practise u|K>n mixed solutions of pf)tassium cyanide and fcrroc>'anide.) 

Acidulate slightly with nitric arid and add an excels of a mixture of ferrous 
and ferric sulph.itcN : warm gently, and allnw the prcripitate to sulfide. Pour 
off a httle of the su|)ernatant li')uid, ad<l to it excess of potassium hydrate, 
aiKl then acidulate with hydrochloric: acid, when the production of another 
blue precipitate will prove the cyanide. 

74. DETECnOH OF A PHOSPHATE IE THE PEESEHCE OF CALCmi. 
EAEmM, STEOVTnrM, MAH0AIE8E. AEB MAOEEUVM. 

(Practise on ordinary " phosphate of lime.") 

Dissolve in water by the aid of the smallest quantity of nitric acid, then add 
excess of ammonium acetate, which mil remove the excess of nitric acid with- 
out rendering the solution alkaline. In this s4>lution the phosphate may be 
proved by adding a drop or two of ferric chloride and warming, when a white 
precipitate of ferric phosphate — Fei(l*Oi), — will form, insoluNe m the acetic 
acid liberated. 

75. DETECnOH OF A PHOSPHATE IE THE PEESEECE OF lEOE. 

(Practise on ordinary *• phosphate of iron.") 

Dissolve in the smallest fKisi^ible quantity (»f hydrochloric acid, add some 
citric acid, and then excess <if ammonium h\dratc. Hv this means an alkaline 
lH|uid is oiitained, o»ing to the power of the organic acid to prevent the pre- 
cipitation of the metal by the ammonium hydrate : and in \\\\\ li()uid, when 
cold, magntna mtxturt <ammonio-sul|ihate of magnesu) causes the |irecipitation 
of white crystalline rnagnesium-ammonium phosphate. 

78. SEPAEATIOE OF AE AESEEUTE FEOH A PHOSPHATE. 

This can onl> le done b> acidulating with hydr<*( liloru: a< id, and (ossing a 
iknr stream of sul)»hurette<l h\dr«'gen through the S4)Iution for several hours, 
until the whole of the ar>cnic ib nniMxed. 



n. DETECnOV OF A FOEMATE IE THE PEESEECE OF 
OEOAEIC ACIDS WHICH EEDUCE SIL7EE SALTS. 



»4 41 



Distil with dilMte sulphuric acid at the heat of a water luth, neutralise the 
disullate with S4<!ium cafUmate. add a i/v^/ e\<c:v» of a< etic acid, and butl 
with arscntic nitrate, when a dark deuosit of metallic m!tci will form. 
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m nPAEATIOV OF OXALATES, TAETEATES, CITRATES, AHD 

MALATES. 

(Piactise upon mixed solutions of oxalic, txutaric, and citric acids.) 

If the sc^ution be acid, neutralise it with sodium hydrate ; but if neutral or 
Alkaline it is ready for use, and is treated as follows : — 

A. Acidulate slightly but distinctly with acetic acid, bring the whole 
to the boil, and add a drop or two of calcium chloride ; and if 
it produce a precipitate, add it till precipitation ceases. Keep 
the whole nearly boiling for a time, till the precipitate aggre- 
gates, and filter. This precipitate is calcium oxalate, and it 
should be quite insoluble in cold solution of KHO. 

£, To th2 filtrate from A^ mixed with some more calcium chloride, 
ammonium hydrate is added in slight but distinct excess, and 
the whole thoroughly cooled. Calcium tartrate precipitates, 
and when it has settled clear, the liquid is poured off and pre- 
served for C This precipitate, after washing, should be entirely 
soluble in cold solution of potassium hydrate, and reprecipitable 
by boiling. 

C. The liquid is slowly boiled for some time ; and if a predpitate does 

not form readily, a little more CaCl, and NH4HO added, and 
the boiling resumed. The precipitate, when it begins to subside 
well, is filtered out whilst still hot It should be (after washing) 
quite insoluble in cold solution of potassium hydrate, but 
soluble in perfectly neutral solution of cupric chloride. 

D, To the filtrate add alcohol, when calcium malate will separate; 

but this portion of the separation is not infallible and the 
precipitate must be carefully examined to see that it really is 
malate. 

n. ssTBcnov of carbolic acid or the presehce of 

SALICTUC ACID. 

Boil 10 grmins in half an ounce of water, cool, decant the solution, and add 
to it I minim of a saturated solution of KHCO|, i minim of aniline, and 5 
drops of solution of chlorinated lime^ when, if carbolic acid be present, a deep 
bloe it produced 



CHAPTER IV. 

QUALITATIVE AXAL VSIS. AS APPLIED TO THE DETECTION 

OF UNKNOWN SALTS. 



§ I. OBISRAL PBELDmrABT SZAMIVAnOV. 

Under this head are included — 

I. The obsen'ation of the physical properties of the substance sub- 
mitted for analysis. 

a. Its behaviour when heated, either alone or in the presence of 
reducing agents or fluxes. 

3, Its reaction with test pafwrs ; the colour it communicates to flamev 
etc. 

So particular and minute may this examination be, that in the larger works 
on chemical analysis many pages will \ic found dcv<ncd to it ; but for the 
purposes of the analysis likely to come before the ordinary chemical student, 
it is sufficient only to carry it the length of a few readily obtainable and 
unmistakable inferences. // shmtid also bt rememhertJ that in many cau$ ikese 
im/erences require lubsequent iomfirmation^ and tktrefort a studtni should Ar 
taught nvt to jump too readily at condusions from tkt preliminary imvestigatiam. 

Stop 1. If the snbtta&oe be a liquid, eareAiUy mark iU rMction with Um 
and red litmus paper, evaporate a little to drjnees at a gentle beat 
on a clean portelaui emdUe lii, obeerving the nature of the reeidie 
left, if any ; and flnallT raise this reeidne to a red heat, earefiUj 
aetinf whether it is Tolatilised, blaekened, or altered in edeir any 
way. If a solid, heat it direetiy to redness on a eredUe lid (er in 
a dry test tube), and note effMt ; then shake a Uttle np with distilled 
water, and note its reaetien with bine and red litmns paper. 

From a careful study of these points, the following simple inferences may 
safely be drawn ; any appearance not herein referred to being ntgUcted ms mai 
a fording a really disttmttvt indication, 

A. Hentral, no odour, and leaving ne reeidne iihatever. Probably 

water. 
£. Strongly acid, leaving no residne. rroluMy an ordinary Tolatile 

acid, such as HCl, UNO^ HC,H/):, etc. 
C. Strongly add, leaving a reeiane, fusible' by heat and also strongly 

acid. PrnlMbly a non-volatile mineral acid, such as H^PO^i 
Z>. Strongly add, leaving a reddne, which on heating chart, and 
entirely burns away. Proljably free organic acid, such as 
H,C\H/V H,C\H,0.. HC.HjO^ etc. 

AW/ ""Otalic arvl ft>rnnc acult i!o not ihar. 

E. Ventral or slightly add, leaving a reddne, which vt»latilises in 

fumes, but mahout blackening. rr<it>ab!y an ordinary salt of 
a volatile metal, such as NH^, llg, A«, Sb, etc. 

F. Ventral or slightly add, leading a residne which on heating 

blackens and volatilises in fumes. Prtibabty an organic salt of 
NH^, Hg, or other volatile metal. 

iVW#.— Ip thi« ca«c It it l««l at ooce to tnt the c^iginal (of Nlf« or Iff by 
vi:h KIIO uid bttC1| mpcciircljr. 
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G. Stitiml or sUfhtly add, leaving a reiidae, which on heating 

changes colour as follows : — 

Yelkm while hot« white on cooling. Probably salt of Zn. 

Deep yellow while hot, yellow on cooling. Probably salt of Pb. 

Yellowish-brown while hot, dirty light-yellow on cooling. Pro- 
bably salt of Sn^ 

Onnge or red while hot, dull yellow on cooling. Probably 
salt of Bi. 

Red while hot, reddish brown on cooling. Probably salt of 
Fe or Ce. 

Permanent brownish-black. Certain salts of Mn. 
JST. St«trml or slightly aeid, leaving a white residue, which blackens 

on heating, bums, and leaves a black or greyish mass. Pro- 
bably an organic salt of a fixed metal. In this special cau^ 

proceed as follows: — 

Mouten the residue with a little water, and touch it with reddened litmus 

Cper. If alkaline, the original substance was an organic salt of K, Na, or 
, in which case proceed by («% If not alkaline, proceed by {b). 

f«) Boil the ash with the smallest possible quantity of water, filter, acidulate with 
HQ till effervescence ceases ; dip a perfectly clean platinum wire in the sola- 
tioo aad try the flame te^t. If crimson, Li. Bright yellow, Na. Violet, K. 

AVte. — The latter flame not bring very easily seen in the daylight, it is advisable to 
ftdd (o the solution PtG^ and C|II«0. Shake well and cool. Yellow crystal- 
line precipiute of potassium platinochloride— PtCl43KCl. When potatsium 
IS toand with a tartrate it is always necessary to test also with HyS for 
antimony as the salt might be tmrtar emHic, 

{jf^ The ash is covered with water and treated with HCyn,0|. If effervescence takes 
place, the original substance was probably an organic salt of Ba, Sr, or Ca ; 
and these metals may at once be tested for in the acetic acid solution. 

N&it, — Oxalates, although organic, do not blacken to any extent. If carefully 
observed, however, a slight greyish lint, followed by a distinct glow running 
through the mass, wiU be noticed at the moment of decomposition. To make 
certam it is well to place a little of the original powder in one tube, and the 
reskine, after ignition, in another ; cover them both with water, and add a 
drop of acetic acid to each. If the residue effervesce, and the original powder 
does not, strong presumptive evidence is obtained of the presence of an 
oxalate of the alkaline or earthy metals. 

J. Ssotral or slightly add, leaving a retidiie, which takes fire and 
continues to bum even after removal from the flame, giving off 
clouds of white fumes and leaving a fixed white or pinkish 
residue. Probably a hypophosphite ; which (act should be 
noted as an aid to future information as to acid radicals. 

/T. Btronglj alkaline, leaving a fixed white residue, also alkalina. 
A hydrate, carbonate, bicarbonate, phosphate, arseniate, borate, 
sulphite, or sulphide of a fixed alkaline metal, or a hydrate or 
oxide of Ba, Sr, or Ca. In this case proceed as follows : — 

Acadnlatc a portion of the original solution with Ii(*l. 

U) If it effervesces without odour, and is therefore a carboiute or bicart-ooate, test 
at ocKe by the flame for K, IJ, Na, and alM> another |x>rtion of the original 
solvtioQ with HgClf. If re<], a carbi>nate . if not, a bicarborate. 

ii) Effervesces with odour of li,S. In thit ca%e it is a sulphide; and if a deposit 
of S also ukes place, a polysuU>hide. Add to a fresh portion of the original 
sultttioo eaccss of liCl, boil till \\^ is ei)>elled, filter, if necessary, and test 
the solution for all metals of fourth and fifth groups. 

(0 Effervesces with odour of liCN. Frvbably an alkal ne cyanide, soch as KCN. 

id) Lffetvcscence with odow of SO„ an alkaline sulphite. 

Sjt) It docs not effervesce. In this ca«e add to a fresh poftioo of the original 
soltttioo, AgNOy. If a brownish-black (-recipitate l>e forme^l. it is a soluble 
hydrate. A portion of the original solution should be neutralised with HCl, 
and then caamincd for all metals of fourth and tif'h groups. 
-If AgNO| with original solutioo gives a yellow, a white, or a brickrcd 
[WKspitatc, the ywcwncs of a phosphate^ borate^ or arscatate of K or Na may 
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Violci 

Goldcn-ycllow . 

Yellowish -green . 

Crimson 

Orangercd 

(Jrccn 

Blue . 



be inspected. In the cate of a oompleg tolottoa ia wbidi a Mk of 
other metal i« given dtiv>lved in e&ccst of an alkali, an intimatioo of the Ua 
vill l< obtained on cauttoutly adding the 11 CI, at, at the moineot of wtm* 
tralHation, the disM»Uetl »ub«iance apf>eark ai a precipitate before again dtMohr> 
ing in the eaceu of IICl. Ha&ic plumbic acetate hat an alkaline reaction. 

8t«p S. Dip a olean pUtiniim wire in tht tolatioa, or, if a solid, moiftoa tko 
wire with HCl, dip it in the powdered sahttanoe. and heat in the inner 
Bonien or blowpipe flame The outer flame is coloured as under : — 

. Potassium. 
Scxhum. 
r»arium. 
. Strontium or Lithium. 
. Calcium. 

Copper or Boracic acid 
Lead. Arsenic, Bismuth ; 
also ConjHrr as chloride. 
Step 3. Heat a little of the solid suhttanoe (or tne reeidne left on erapen^ 
tion if in solution) on charcoal before the blowpipe. 

Ordinary alkaline salts fuse and sink into the charcoal ; some decre- 
piuting (example NaCI, etc.), others deflagrating (as KNO^ KCIO^ 
etc.), but no sufficiently characteristic indications are usually obcained, 
except in one of the following cases : — 

A> A white luminous residue is left Moisten it when cold with a 
drop or two of cobaltous nitrate, and again apply the blowpipe, 
observing any change of colour as follows : — 
The residue becomes blue, indicating Al, Sdicates, Phosphates, 

or Borates. 
„ „ „ green, m Zn. 

., „ M pink or flesh-coloured, indicating Mg. 

£, A coloured residue is lefu Prepare a borax bead, aixl heat a little 
of the sulMtancc in it, both in the reducing and oxidising flame, 
and note any colours corresponding with the following list : — 



(m 



KTAU 



In OxiDisi.Mc Flami. 



I in kxDtxij^G Fijuii. 



L 



Cu 

Co 

Cr 

Fe 

Mn 

Ni 



• ' Green (hot). Blue (cold). 
Blue. 



I 



! Red (cold). 
* Blue. 



j Cireen. 

! Red (hot). Yellowish (cold). 

Ainethvst. 

Reddish -brown (hotj. Yellow (cold), i 



Green. 
Bottle-green. 
Colourless. 
Same as oxidising 



C. A roeullic residue u left, with or without incrustation surroundiiig 
iL Mix a little of the sulxitanre with KCN and Ni^CQi, ana 
expose on charcoal to the reducing flame. 

(a) Metallic globules are produced without any surrounding tncniil^ 
tion of u\i<lc. 'lilts occurs with Ag, Au, Cu, Fe, Co, and Ni« 
.ill easily recognisable. 

(t) Metallic globules arc proilured with a surrounding incrustatioo of 
oxide. This occurs with Sn, Bi, Pb, and Sb ; the incrustatioo 
ha\ing the c^uractcristic colourik already described in Case \^ 

Step I, G. 

S^e 'S^ t'ftrn i*<m% a white and dutinctlf OTiuJiaac cnut 
{O '1 he metal vi>l.itilises» and only leaves an iiKrustation of oxide. 
Ihts oc< ur^ with As (odour of garlic, and white incnistatiOQX 
Zn (yeUow [hot], white [cold]), and Cd (rcddtsh-lirown). 



DETECTION OF METALS IN SALTS. 6i 



f n. nmcnov of the metal pbeseht or aht simple salt. 

L Prtparatioii of the tolation for analyiis for the metal, if the 
•tkMuioo be not already dlMolved. 

I. Take a minute portion of the substance and boil it with water in 
a test-tube; should it dissolve, then take a large {)ortion and 
dissolve for testing. 

a. Should the salt prove insoluble, take another small portion and heat 
with HCl, and add a little water and again heat. If it now 
dissolves, prepare a larger quantity of the solution for use in 
the same manner. 

3. Should it resist HCl, tr>' another small portion with HVO, by 
heating and then adding water. If this dissolves it, make up 
a larger quantity of a similar solution for testing. 

4. Should HNO3 also fail, try another small portion with two parts HCl 
and one part HVO3, warming and diluting as lx!fore ; and if it suc- 
ceeds, make up a larger amount of solution in the same manner. 

5 If all acick fail, then take another portion of the substance, mix it 
with several times its bulk of a perfectly dry mixture of todiiim 
and potattiam carbonates (prepared by heating Rochelle salt in 
an ojK*n crucible until the residue thoroughly ceases to evolve 
any gases then extracting with distilled water, filtering, evapo- 
ratmg to dryness, heating the residue to redness, and preser\-ing 
for use in a stoppered l)ottle. This reagent will hereafter be 
shortly descril)ed as fiisioii mixture). Place the whole in a 
pbtinum crucible, and fuse at a bright-red heat ; when cold, 
boil with water and save the solution thus obtained for acid 
radicals. The insoluble matter is then to be drenched with 
strong HCl, slightly diluted and boiled, and the solution used 
for testing for the metal. Any insoluble white gritty matter 
still remaining is put down as silica. 

t. DeteetioB of the metal. 

The processes to be applied vary according to the limitation of the possible 

fobsunces under examination, and the following tables are to be used accord- 

«i|1t, using the solution obtained in Step i. Rememher that even when we 

Am afparently found out the metal by the table ^ u*e should always proceed to 

/o^*-/ cenj^rmatioH by applying (to fresh portions of the solution each time) all 

At tests for the metal git-en in Chapter IL Unless otherwise directed, all 

omitnnaticns referred to in the tables are intended to be tried upon fresh 

pomocM of the original solution. For brevity the said solution is in the 

tibks m<!icated by a capital in thick type, and the word precipitate is 

contracted to ppt. In simple salts we go through the groups until we get a 

KHdt, and as soon as we do we stop and go no farther with the groups, tjut 

lioiplj confirm the result obtained by si)ecial tests. 

TW fc^IU'Wm^ hrief ifutnictioos may aid the student to finil readily the pages required for 
^ fill a&a]MH of a simple salt : — 

I. Kind whether soluMe in Wfi or in acid<, or neither. 

iacid = free acid ur acid salt. 
alkaline = complete the analysis by *' K,** p. 59. 
neutral. 

, tf ^t Awm .- . t.^ •^K- ) *lo« ^^^ char = inorjjanic salt. 

3. lid dry m a te« tube J ^^ ^j^^ ^ ^^^^^^^ J;^,^ ^^ „ „ . ^^ ^^ 

4. Fnid the metal by p. 64. 

) solubility table, p. 82. 
If K,Na, Rubles pp. 761080, if inoriganic. 
La, or nil/ „ p. 80 if organic. 
4 Naat tiM Mk aad write iis chemicil formoLa. 
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I nL Dsncnov of the mbtals nr complex mmrESB of 

TWO OS HOSE 8ALTB. 

•l«p L Prtptrfttioa of the solution for analyiii in oaaat where the 
•ihftenee for annljiif it not given in solntlon. 

AV^— B7 carditUy applying thb ttep and inteQigently judging the mults, we can 
often rednoe a separation of two salts to the performance of two separate 
sample analyses, and so save much time and trouble 
I. Boil some of the powdered sul)stance with distilled wmter, and filter 
off from any insoluble matter. 

Enmorate a drop or two of the filtrate to drynesii at a gentle heat, on a 
slip 01 clean platinum foil, and if any residue be left, then save the balance 
of the filtrate for analjrsis as representing the portion of the original (if any) 
that is soluble in water. 

t. If anything remains insoluble in water, then wash it on the filter 

with boiling water until a drop of the washings leaves no marked 

residue on evaporation. Rinse the insoluble portion off the paper 

into a tube, and add hydrocUorio add drop by drop (noting 

carefully any effer\*cscence or odour as indicating the presence 

of certain acid radicals, such as carbonates, sulphides, sulphites, 

cyanides, etc.), and warm. 

If it now all dissolves, save the fluid for analysis. If not, then &eparate 
the insoluble part, test the filtrate by evaporation of a drop or two, to sc« 
whether anythmg has dissolved, and if so, save the fluid for analysis a» repre- 
senting the metals present in the form of salts insoluble in water, but soluble 
in HO. 
A*U This division of any mixture into ^Its soluble and insoluble in water gives 
the greatest assbtance in the subsenuent testing for the add radicals. For 
example, if a metal of the 5th group ne found in the portion soluble in water, 
then any acid radical almost may \tc present : while if a metal of one of the 
other groups be found, then i;rncrally speaking only a nitrate, sulphate, 
chl<»ride, or acetate need be first searched for. If, on the other hand, the 
sulistance resists the action of water and only goes into solution with HCl, 
then as a rule iw mttalcftht 5/4 f^roup is f>mtnt, and we might consider that 
we were probably dealing with a carlx»nate, (»xide, phosphate, arseniate, 
oxalate, sulphide, sulphite, cyanide, fcrro- or fcrri -cyanide, or l*orate of a 
mrtal, not in the 5th group. Ccrt.-iin tartrates and citrates, chiefly of the 4th 
group, would also come in thi«i citcgory. 

}. If the substance is insoluble in lK>th water and HCl, tr>' nitrio aoid, 
first alone, and then with the addition of hydroohlorio add. 

This treatment dissolves certain metals in the free state, such as A^, Ph, 
bi. Ilg, and Cu. and also act> u}>on llf^jCl^ llgS and other ins«ilii Ic sul* 
phules. and on Ke,0| and «4ime rcfuctury oxides. Gold and pbtinam di»» 
u»Ive *inly if nitro-hydrochlonc ac:«i. 
JIV//. -When It CO, has l>cen uvnl a^ .1 vilvent. the liquid should always be 
e%a}ioratctl vith HCl till ail the 11N< >, ha% Ijeen <li«plAced, then allowed to 
grt <]uitc cold and any precipitate tiitdctl ••ut and treated as Ixr longing to 
the 1st group, vhile the nitrate is directly trcateil with W^, 

4. If anything stitl remains insoluble, it must be fused with fuiion 

mixture (KNaCOi) at a bright red heat till action ceases, and 

the residue so obtained boiled with water and filtered. 

The filtrate is ntctl for the ilrtcvtMin of acid radicals ; while the insoluble 
matter u di^Mjlved (alter wa^hin^ > in nitric acid aiHi used for tirtding the 
i.irtals. The usual run of articles ri-<iuiring thi» treatment are — sand, clay, 
ai. 1 other silicates, »ul|'hates nf lia. Si, Ca (latter nut always), and I'b, the 
Sji'tn ! *alts of stiver, SnO, and Sl«,(.>,. 

Step II. Prooeed to apply the following tablet to the prepared solution 
from Step L 

a. it W.r mhulc of the first table for *" ^e{araiton into groups" must l»e gone 
:l.ftit}|;h. but if no etTcct !« obtaincl in ( >ri'U|>% I. or II.. a fre^h )>ortiun of 
the I rc| ircd Mjlution shoukl l<e taken f«>r (^ruup III., etc, so savmg the 
time rc<{uircd fur eirapormtiDg to a considerable extent. 
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S rr. DBiBcnoH of the acid raoical& 

SiTiiioa A. — Preliminary EzaminatioiL 

Impcxtant Note. — We must always decide what roetals or bases 
are present before we proceed to test for acid radicals. We 
must then note which bases are present as soluble and which 
as insoluble salts (in H^O). Lastly, we must consider what 
acids might be present in each case, and only test for such 
possible acids, because nothing leads to so many errors as testing 
for acids which could not possibly exist. We must also carefully 
note the information received in the former preliminary exami- 
nation, especially as regards the presence of organic matter, 
and remember that, if the original substance does not char on 
heating tpe must never enter into the testing for organic <uids^ 
because none can possibly be present except oxalate, which is 
provided for in the inorganic portion of the course with this 
very object, together with a few others included for convenience. 
We must also remember to note what happens when we 
dissolve the original substance in HCl, provided such a step 
vs necessary, and if any effervescence occurs we must be sure 
to smell the gas given off, because we may then at once detect 
the following : — 

^Carbonate • . effervescence without odour, and the evolved gas 

poured into lime-water renders it milky. 
^Sulphide • • odour of H.S (with deposit of S polysulphide). 
^Sulphite • • „ SO) ( ,, ,1 hyposulphite). 

•Cyanide • • „ HCN. 
Peroxide . „ chlorine. 

Fe, Zn, or Sn (as metals)— Hydrogen evolved ; without odoar. 

We must also remember that organic bodies, such as alkaloids or 
sugar, other than organic salts, might be contained in a mixture 
which would cause charring on heating, and so lead us to test 
for what was not there. It will be useful at this point to see 
how we can guard against two of the more commonly occurring 
of such cases. 

(i) Sugar, This will cause the soluble portion to b« syrupy, and 
when warmed with dilute H^Oj it will rapidly darken, whereas 
organic salts, as a rule, require fairly strong H2SO4 to char 
them. The solution will ha\'e a sweet taste, and after boihng 
with a drop or two of very dilute H}S04 it will reduce Fehling's 
solution. 

(2) Alkaloids (nitrogenous organic bases). These will cause an odour 
like burning hair on heating to redness. The soluble portion of 
the mixture carefully treated with very dilute NH4HO will 
usually give a cloud (which may or may not dissolve in excess), 
aiKi then the same liquid shaken up with chloroform, and the 
chloroform evnporated at a gentle heat, will krave the alkaloid 
as a residue. If no residue be thus obtained, then no alkaloid 
can be present except morphia, and this latter would no-er be 
put in a mixture unless specially intended for toxicological inves- 

* la lobble Mitt these eflfectt will come 00 adding HCl in Group I. 
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dntion, because its detection requires altogether special work, 
which will be afterwards deuiled. 

Having well considered all this, we now proceed to the actual 
work, carefully remembering that all the indications are merely 
preliminary, and that we are not to takt notice unUss we realfy 
j^et a distinct result. If we really do get one, then it may save 
us going so far through our actual acid course, but if we are noC 
ccruin, then it is no use attempting to persuade ourselves and 
wasting time, but we should just note the probability and then 
at once pass on to confirm by the actual course hereafter 
detailed. 

No attempt is made to descril)e odours, because the student 
should simply put himself through a course of training for this 
preliminary examination on known salts, and learn to recognise 
all the odours, etc. This is a most important study, and should 
be carefully stuck to, until the nose and eyes have l)een quite 
trained to recognise the individual effects to be expected from 
each acid. 

8tap L Put a portion of the original solution in a tube, or if it be a 
solid cover it with some water, just cuidutate with dilute VLjBO^t 
and look for any cffcrvcsrcncc or odour, then boil and smelL 
The following radicals may lie thus recognised : — 

Eflenescence without odour . • • Carbonate. 

S Sulphide, 
("andc 
Hypochlorite. 
Red fumes Nitrite. 

Btap n. Add another drop of H^4, and again wann. 

CMour of vinegar ..... Acetate. 

,. ., SO. with deposit of S . Hyposulphite. 

„ „ Hi's „ „ „ . Sulphocyanate. 

HCN „ cr>*sullinc deposit, ( /''erro- or 

often bluish ( /rm<yanide. 

.. , • . I ( Valerianate, Ben* 

\ alcrum or sharp odour { ,o«e, Sucdiute. 

Carbolic acid . Carbolate. 



•I »t 



AV//.— The cflfccti of Step II. will often come periecily ia Step L, 
then Step II. may be contiderrd as put of Step I. 



Step m. Put a little of the original solid (or the residue left on 

ration if the original wjls a Iniuid) into a dry tulw, cover it 
with Strong HsM^, and warm, but not sufficiently to oitne the 
H1SO4 Itself to fume. (See note, important to fmtnt eucidtniu} 

Thus we get : — 

'Chloride. ,.. * i^.rlodide. 



Change of colour rj^ 

White fumes j Huoridc. J^ ^/*. <[ Bromide. 

r I ij . fumeh <char- I .. _^._ 

ic(»f)| Hen/ti3tc. . -^ - I lir ornate. 

L . actenstic of) L^ui,.^.-. 

I >ur(-]natc. ' vCnloratc. 

vSu!i»h»» r4rlx>lale. 



Nitrate, 
s ] 
(characterist 

|>u< 

■ 'I 
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EiTenrescence on warminc only, 
whidi persists after withdraw- 
ing from flame, but with ho ' 
dvkcning in colour and no 
odour. 



Effervescence on warming, but 
the liquid darkens in colour 
to a greater or less extent. 



' Formates — give ofl* CO only, and con- 
sequently the gas does not 
affect lime-water. 
Oxa/a/fs—gixc both CO and CO^ and 
the gas therefore renders 
lime-water milky. 

Tartrates — rapid charring and smell 

of burnt sugar. 
Lactates — not so dark, and peculiar 

odour. 
Citrates — slow darkening and peculiar 

sharp odour. 
Oieates- -char and give odour of 

acrolein. 



Meconate. 

Dvkening in colour without any I (> n"f^^* 
very marked effervescence, j pj^^^ji^.e. 

\ Salicylate {very slow darkening). 

No fomes — gelatinous deposit (or flaky) — ^Silicate. 
„ „ — scaly crystals with pearly lustre — Borate (best seen on 

cooling). 
■• ekange takes plaoe at all with — Sulphate, phosphate, and arseniate. 
Cliromates turn orange and then green — Bichromates turn green straight 
olf. 

Note, Importaxt. — On adding strong sulphuric acid to any solids one drop 
mdy should be first carefully applied^ because chlorates^ iodates^ etc., are apt 
to explode on the first touch 0/ the acid, 

U v# get a deeided indieation of the presenet of any add radical as 
abofa, w# may at onoe apply confirmatory tests for the radical fimnd to 
sir original substance, and so save going through the coarse, especially 
if the snhstanct be soluble in water; but if insoluble, a solution must 
always be specially prepared for add testing. 

SMsiflB BL— Preparation of a Solution for Testing for Add BadicaL 

The success of the course for the detection of acids depends in the highest 
upon the care with which the solution is first pre|)ared. It may \ye 
IS a general rule that no testing for acids is reliable unless they are 
it in the form of salts of alkaline metals. It is therefore necessary to 
our acids into such salts ; and, to do this successfully, the following 
must be closely adhered to : — 

I. If the original is soluble in water, and absolutely neutral to test* 
paper, you may venture as a rule to use it as it is, and this will 
also apply, if it be alkaline, to test-paper. 
II. If the original be soluble in water, but in the least acid, we must 
drop in NaHO till it is rendered just alkaline, lx)il, and, if any 
precipitate should form, filter and use the filtrate for the acid 
course. 
III. The fiortion insoluble in water (or the whole of the original if all 
inv>luble) must be ))oiled with a little NaHO, then diluted, 
filtered, and the filtrate only used for the acid course. 
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Noii. — If Al, Zn, Sb, Sn, Cr, Pb, or any metal whose hydrate is soluble 
in excess of NaliO has lieen found, then we must use a solution 
of Na^COi instead of NaHO in both Cases II. and III. 

We must also take care to prepare plenty of our solution, 

because if the full acid course has to be gone through, we shall 

require possibly to employ eight to ten different portions before 

we have finished. 

This course now about to be explained is so demised that by working upon 

the prepared solution, \x\ the presence successively of HCl, HNOj, HC^H^O^ 

Ii|S04 and at>s()lute neutrality, we can insure the precipitation in each stage 

of certain given acid radicals only by reagents, which, if used without sudi 

precautions, would precipitate many more than they do when so employed. 

BiTinon C. — Course for the Detaetioii of Inorfmnio Adda togothor with 

% ftw Orpuiie iBoliidod for oertain roaaom. 

Stop L Acidulate a portion of the pre^iared solution with HQ, and 
then tu successive portions thcrcuf apply the following tests : — 



Reagknt. ErrKCT. Acid Prbseict. 



(a J BaClf . • . . « White pi>t. insoluble in» c..i-.u— 

•( boilinii HNO, . . > ^">P»»^«- 

Dark blue ppt Ferroc)'anide. 

Hl<xxi red colour dis* : 

(i) Fe,CIi .... •' charged by HgCI, . . Sulphocyanatc. 

I Blood red colour not dis- ' 

\ charged by HgCl| . . ; Mecooate. 

I 

(i) FeS04 .... I >ark blue ' FerTic)'anide. 



(d) Turmeric (uper 



(Dip in and dry o\*er the. 

I gas when the paficrl 
turns pmk, changed i 
to green by KHO. . ) 



I 
Borate. 



Stop VL Acidulate a |iortion of the prciured solution with 

add excels of AfVO., warm and shake, Jisrti^arJim^ any freei^ 

tdtt that is not white or yelivu* and distinctly curdy. Thus 

get the following : — 
ids Cyuido- Curdy mhitc ; soluble in very dilute NH^HO, and alio 

in Ijoilin^ HNOj. 
(/) Chloride- Curdy mhitc ; soluble in very dilute NH4HO, but in- 

st.'lulj.c in bwiiin.; HNOs. 
(^> Bromide- CurJy ilir:y mhiie: slowly soluble in fairly ttroof 

Nli«Hi>. but not in very dilute ; insoluble in iiNO|. 
Kd) Iodide i'uri) |ialL yclluw ; in&olulilc e^-en in strong NH^HOand 

a:^i» in HN< »^. 

AVer. N!in)r • thcr a^ . !«, tu^ h a^ frnoo anisic, oxilatc. chromAte. cfc. are apc to vamn 
(iowr. u::h A^N^), id } rcvrivc even of IlNi-V ^* '^ prcci;nLaict arc (if 
» h r r n.*.' . Mr J/, 1 r : hry ire «.' ''uvrcd rel aitd %o will tic durccardcd ; waA wt 
therefore <lcal ocly « I'.h the f..MAf acids mcntioocd gi«iii£ cmrdy 
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To diitingniih between these four adds we — 

(t) FOter out the precipitate with AgNOt, wash it, and then percolate k 
•efcral tiroes with very dilute NH4HO (i in ao), when AgCl and 
AffCN will dissolve, and can be repredpitated from the filtrate by 
HNOi, while any AgBr or Agl will be left on the filter. 

Jifti— It b ipcry importjmt to have the dilate NH«HO exactly i in ao, becenae, 
if rtf ocgc i , then AgBr will also distolYe, and in any caie a mdrt eUmd 0n 
mUSmi ikt UNO^ is f U tUsreganUd, becante if AJKH or AgCN be really 
pfeaent, they will repredpitate in distinct curdi, on adding HNO^i warming 
aad thaiking. 

(•) If by (i) evidence of the presence of Q or CN be obtained, then 
test a portion of the original prepared solution for CN by 
Scheele's test, and if not present then the precipitate was all due 
to CL If CN be found, then another precipitate must be 
obtained by excess of AgNO|, filtered, washed, drained, and 
transferred to a tube with strong HNO| and boiled, when any 
AgCl will remain insoluble. 

Jlifti'— >As HCN it to easily smelt in the preliminary examination, we thoald always 
know before we bmn the group whether it is there, and ^en if it be present 
the boiling with HNO« will be recjuired, bat if not, then we pat it down at 
once as chloride if the NH«HO dissolves anything. 

(3) I( after treating with NH4HO (i in 20), any residue be left on the 
filter, leading to the idea that AgBr or Agl may be present, we 
proceed as follows : To a smaU portion of our prepared solution 
a drop of mucilage of starch is added, and then one or two drops 
of chlorine water. If iodide be present we shall get a blue. 
Now we go on adding fresh chlorine water till all the blue 
has been Reached, and if the whole is now perfectly white only 
iodide is present ; but if it remain at all yellow, then we add 
some chloroform and shake up, when an orange colour in the 
chloroform will indicate bromide. This depends on the fact 
that free iodine combines with chlorine more readily than with 
bromine. 

Illf m. Acidulate a portion of the prepared solution with aoetic aoid, 
bring it to the boil, and then test successive portions while 
boiling as follows : — 



RiACEirr. Effect. ' Acid Present 



WCd, . . . . 

tf)FcA(iM<tn) 

eicesi) ; • 

'^Pb(CtHA)t. . 



Wliite ppt soluble in HCl . , Oxalate. 



Yellow ppt 



Chromate. 



To distinguish between phosphate and arscniate exactly 
neutralise a portion of the prepared solution with dilute HVOj 
and add Af flO,. 

Yellow prccipiute soluble in NH4HO = Phosphate 
Red ,1 M ft = Arseniate 



So {K'A LITA TIVB AS\A L VS/S. 



Step IV. /us/ adJuIate a portion of the prc|)ared solution with dilmto 
H^SO^ then add a strong and fresh solution of FiM^. and nin 
some strong H28O4 down the side of the tube so that it collects 
at the bottom. A dark ring where the liquids meet proves 
■itrata. 

AW/ ^If fW/i«ir hu been prevkmsly Iband. this test fmiU to he conclauirc, sad Id neb 
case we nwt iakc adruitage of the power of na^ent h)*drogefi to rcdsoe 
nitrate* to ammonia. If 00 lalt of Nlli has tieen fouml m metal teftia(, w 
ad'1 to tome of the (>repared solution a fraf^ment of sine and safhcient II CI 
to cau^ a Ui%k eflcne^cence. After ten minutes %re add eiceift of KIIO 
an*! liuil. when an ntlour uf S\\% prove* Vitnita. If Nlf« lalu be present 
we a<lil a little KIIO to the prepared Milution, erapormie to drynci^ bou 
the f e^i'lue till no more fame* are evtiKel, ami then dit»olve in wmtcr aad 
apply the <inc« etc, as atxn-e deicnbed. 

Extra 8tep. lodates being very ditlicult to detect in the preliminary. 
It is well to test for them specially (if they can ix>ssibly be 
present) by adding to the prepared solution XI and Stmk 
pasta, and acidulating with tartaric add. This \% not reliable 
in presence of nitrites. 



Diyision D. — Course for the Detaetioii of Orgaaie Aeids. 

{Omfy to If tnttred ufon in the fvtnt of the original substame htin^ frovtd to 
€omtaim orj^amc matter by charring on htating in the frtiimimary examimatiom.) 

The soIi:!i()n to l>e used is that prepared for acid testing, as already described. 

Step L Place a minute fragment of litmus pai^er in a little of the pre- 
ivarcd solution and add aoetie acid drop by drop with agitatioii 
until the pafteryvi/ turns red, then take out the paper and add 
Af VOj in excess, lastly add a drop or two of very dilute VH^HO 
tilt the precipitate ytfx/ commences to rcdissolve. Now warm the 
iuIk: in the Bun sen rtamc, when a reduction to metallic sihrer» 
forming a mirror on the tulK* ^ Tartrate. 

S^i4, — The tul'e u*ri! luutt fir«t lie reO'ierc i chemically vleaa by boili^f Id k 
ftuii'e««ivel]r «<*me dilute UNO, ai. : tt.cn Mime ihlute NaHO, nod rwii^f 
with iii-niic-l «k Jter Formatas pitjiiuce the ^ame eflecl. but do not cbar oa 

heatit.^. 

Btep n. ri.icc a minute fragment of tcst-fiapcr into a portion of the 
prcparcil solution, and dmp in dilute HCl till it yar// turns red. 
then dilute N'H|HOtill wjmt turns lilue a^ain, cool thorougbly» 
aiM Nr)mc CaCl, and shake well, if a precipitate forms (oudale, 
Uirtratc, etc. ). add excess of CaCl^^ shake, and let it stand in 
cold uatcr fiT tt-n ininutLS and tiltcr. Nuu add to the filtrate 
a li:tic rnori.- VEfHO and \>>\\ j^entiy fur some time, when a 
mhitc pro ipttatc - Citrate. 

/'..'.. !• • a<. I, ,;;*r% : :* ir- -n the i -l-l. i.f c -r^ »c s:ir j 'y warm fuf tbc dtiale 

• 'ri .;: ' A- • lal^itr. tartia*'. crc . ^ .\r all Icen |rrTiiiu«lT teOed far, «c 

• • X.. •:..*. cf-rc !■ n.n»c: ■..;,;*.:*• f- r a ciJiale. »hefher we need to 
ke; a: iT :: ( :. ;:. !i.r <.• I : f •..:., ly :• a ; i :Ke Nll.lli* aixl laC'l, aad bod 

1 ' X :.-. -. • f re^'ih' : >; r.t to the \ !u!i«»n in which U>Utn{ ba* iuk«i 
t :n ar . ■I'c «i.l I-;:: j; •! '^n a Af:':.'e «>n c-jiilinf;. but aolcw ipaciaUy 



* *J 



.u 1 :': .1 rr-. !:■!?. :» r..'. a *crjr irr:i.n '-ne 



prepared 
carefully 



(i) Red colour 
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dropping in dilute HCl. Then apply the following tests to 
portions of the neutralised liquid : — 
(«) Prepare some neutral ferric chloride, by adding very dilute NH4HO 
to a solution of Fc,CU until a permanent cloud just forms, and 
filtering, 
add some of this reagent, and observe effect as follows : — 

'Aceute (Carl)olate 

Sulphoc>anate /^v p^ |^ ^^j^y^ ) SulphocarboUte 

WlUue-bbck {SSSSe (4) Pinkish precipitate {^^^ 

A'itii. 

II) Atttltt, red, is instantly <liv:harged by a drop of IIG ; pyrocallate is turned 
black by eicess of K HO and exposure to air. Sulphocyanatc and mcconate 
have bm already proved in the inorganic acid course, but dutinguishcd by 
actioQ of HgCl, if desired. 

(2) Acidulate m portion of prepared solution with IlCt and shake up with ether. 
Remove the ether bv a pipette and evaporate it on a watch-glaM at a tftry 
gentle heal. Carbolle aeid is left, an oily liquid readily recognised, while 
laUeyUo Mid is left in characteristic crystals, as giving a iMrautiful violet 
with Fe,CV (Also see page 57 for another separation.) SulphoearboUo 
•cid gives no immediate precipitate with BaCl|. but on evafHiraiing with a 
little Na,COsand KNO,, and fusing, then the residue dis^olveii in ll,0 shows 
a sulphate with BaCl,. 

(5) With exoru oC KIIO a solution of gaUie aeid rapidly becomes dark on exposure 
to the air, while taaaie aeid gives a flocculent liquid not so rapidly changing. 
Tannic acid also precipitates solution of gelatine, and gallic does not. 

(4) Take a good quantity of the neutralised and prepared solution, add excess of 
Fe|Cl^ filter out the precipitate and wash it. Now percolate it with some 
dUnte NII4HO, evaporate the liquid so obCaine<l to a low bulk, cool 
thoroughly, and acidubte with HCl. Stasoie atid will separate in silky 
crysuls, and succinic acid will not 

Itep IV. If oleic, lactic, or sulphovinic (ethyl-sulphuric) acids be 
suspected, specially test for them as follows : — 

Oleie aeid will have shown its presence by always floating to 
the surface as an oily liquid whenever the prepared solution is 
acidulated with any arid To confirm and distinguish it from 
the other fatty acids (btcaric, etc.), take some of the prepared 
solution and acidulate with HCl, warm, and set aside till the 
oily layer floats up. Now remove the liquid beneath, as far as 
possible, with a pipette, add some water, boil, and drop in small 
fragments of KjCOi, until the oily layer is saponified and 
dissolves. Now put in a piece of test-paper and carefully add 
acetic acid to exact neutrality, then cool and precipitate with 
excess of Pb(CsH,0|)s. Filter out the oleatc of lead, wash it 
with boiling water, let it thoroughly drain, and then prove that 
it is soluble in ether (stearate and palmitate of lead are 
insoluble). 

Lietie Mid. Acidulate the prepared solution with HCl and shake up 
with ether. Pipette oflf the ether into a porcelain capsule and 
let it e\*aporate at a ^nt/e heat, when the acid will be left and 
may be recognised as follows : (<i) A portion heated bums at 
first with a blue flame, and then the flame becomes luminous 
as the temperature rises. (^) Another portion warmed with 
K,Mn|Og gives the odour of aldehyd. 

Mphoriaataa do not precipiute BaCl, in the cold, but, on boiling. 
give a precipitate of BaS04 and an odour of spirit. 

6 
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CHAPTER V. 

QUAUrATIVE DETECT/OX OF ALKALOIDS AXD OTHER 
OhGAXIC no DIES CSED IN MEDICINE, TOGETHER 
WITH THE TESTING OF *' SCALE PREPARATIONS'" 
AND A GENERAL SKETCH OF TOXICOLOGICAL PRO- 
CEDURE, 



DIYISIOV A. C0VB8B FOR THE DBTBCnOV OF THE atjtatjitm 
AID ALKALOID 8ALT8 USED DT HEDiaWE. 

Sptt — Aconitinc it funiitci! liecau^r it can cmlv be really detected by fipcrioicfitft vpoa 
mnima!*. S^liiinc. aceuiulitlc, an«l antipyhn, alih«Nigh r.fiC alkaloids ■** 
includcit, at ihejr give tm» apt to lie mutaken fuf ceriain alkaloida. 

In this course not more than two definite ttits for each alkaloid are recorded, 
and for the remaining tests the reader is referred to the full uble facing p. 87. 

Btep L Heat on platinum foil. If the sulistancc at once takes fire and 
burns away with a smoky rtame and an odour of tinged hair, it 
is prolalily an alkaloi<i. 

Btep n. To a solution of the sul»stance in water or dilute acid add :-» 
(./) Mayers solution <sce index), which gives a precipitate irith all 

(*ti^cia} alkaloids (except rafTcine), but no effect with antipyrin. 
(^) Soiuh"n of ft'ttiMtum lismulhous ioJiJf* which will give a 

precipitate with all official alkaloids, also with aceUnilide and 

antipyrin. 

Stop in. Tut a pici e of red litmus i»a|Kr f»n a watch-glass, lay on to 

this a li!t!e c>f the substance, and mouten it with a few drops of 

strt>ng rertiiicfl spirit. If, on standing for a short time, the 

lai^er is rendered blue, we arc dealing with a free alkaloid; if 

not, then it is an alkaloid salt, and in the latter case we shall 

have to search for the acid as well as the liosc. 

Aj^r. — Acetate^ vf alkAl-aU (tficn become batic ami cun«<«]umily ilkaliDc bf 
keeping, %o beware *A tLt«. 

Step IT. I'o a fragment of a sul>stance on a watch-glass (placed over 
white |»a()er) add a drop of stntn;: H^'^()«. and stir. A Lprighl 
red Sftlieine and a deep retl Veratriae. 

<"i»nhnn It'rmer t-y warft.:pc »«th llr**<\4. K,i'r/ i, s mliiar of 
rtt^r/ -va!)t.irlu aMehyili. aiiil Uiier \*j \\* ci%ing ycUuw with UNO, 
\ \*.nn\-t^\ on wanning with IK \ 

Scit Many ;i*.ka<>>iS ^^^^r pa> «!ir!)r pr.kt mth li>0,. which are to t« d 

* Made by inii'.;.|; 43 c c. o( »i^'ufr fumm/k* «ith 9 grail, of KI aad 9 
bydfochlofK ac>«i. 

U 
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Hlf ▼. To the liquid in which HfS04 has given no distinct red add a 
small fragment of powdered ammonium molybdate, and stir. 

Coofinn by Adding H NOgtoanot her figment, when oimnge^red "-morphine 
and blood>red •■ apomorphtne. Morphine with Fe|CI« Rive^ greenish blue, 
and aporoorpbine gives deep red. Morphine with H^O« 4- Na,IIAsO«* 
bluish green. 

{p) Brisht orange-red " Brucina. 

Confirm by testing another fra^ent with HNO, and getting a bright 
red, lamed to violet on warming; with SnClj. 

(c) Bright greenish blue » Codeine. 

Connrm by adding ilNO, to another portion. Pale evanescent 
yellow •■ codeine. 

(d) A yellowish green >- Phyiottigmina. 

Confirm by adding IIN(^) to another portion. A strong gambo(;e 
▼ellow "■ physostigmine. Farther confirm by getting a red with KHO. 
becoming blue on evaporating to drynes.s on the water -bath, and the residue 
dissolving in HCl to a dichruic solution. 

(e) Evanescent green, changing to buff, with pale green streaks - 
Hydrastiniiia. 

Confirm by testing with HNO, * paif yellow, becoming orange, and 
imddenly red on adding a drop of II^O^. 

Step VL Treat another fragment with a drop of H3SO4 as before, then 
let another drop fall near it. Into the second drop put a 
fragment of powdered potassium bichromate, let it digest a 
moment, and then stir the drops together. 

(a) Beautiful violet (evanescent) » Strychnine or Aoetanilida. 

To distinguish lietween these we test original sub<»tance with HNO^ 
which gives no colour with strychnine, but a dirty yellow with acetanilide, 
turned red by NH^HO. (Further confirmatory tests, see page 88.) 

(b) An evanescent dirty red, following by pinkish buff and gradual 
formation of green streaks » Cocaina. 

(I) Confirm by mixing 5 cc. of a 2 per cent, solution with 5 drops of a 
5 per cent, solution of chromic acid, ami get a yellow precipitate, retliMolving 
on shaking. Now add I cc. HCl. and get apemianent orange-yellow precipitate. 

(3j Moisten with II NO^ dry and add a drop of alcoholic KHO, and get 
odour of peppermint. 
AW/.— A mmute dn>p of a dilute solution of cocaine placed upon the tongue will 
cau«c tingling and numbness. (Aconitinc, which also causes tingling in the 
tongue, gives a red crystalline precipitate with K^f n^O, in the most dilute 
solutions (I in 4000) acidulated with acetic acid, while cocaine does not, 
anle\*» prei^ent in amounts over 1 (>er cent. 

(i) A vivid emerald-green » Pilocarpine. 

Confirm by testing with HNO, and getting a faint green. 
(4/) Faint yellowish greens more decided on standing = Atropine, 
Calbine, Hyooeine, Homntropine, or Hyotcyamine, and indeed 
many alkaloids ; but at this suge test only for the following, 
and if not found pass on to Step VII. 

(1) Atr^mt warmed with H^O, give\ a slightly roseate odour ; on atlding 
KiCr.Oy the odour suggests bitter almond oil. An alcoholic solution warmed 
with I IgCl| gives yellow precipiutc. turning retl ; with HNO,l>ehavcs ltke(3). 

(a) Cafttm dissolved in a cc. of HCl. a little KCIO, aided, ami the whole 
evaporated to dryness on a waterl>ath, leaves a residue which become» 
(Mirple when eipo^ed to the fume^ of N 1 1,, which colour is destroyed by KHO 

(3) tiy^tdne dissolved in HNO,. an«l dried on water-bath, is turned violet by alco- 
holic KHO. An aqueous solution i% precipiuted by KHO, but not by N H,HO 

(4) H^mmtrwfnm Mmilarly treated to hyiMcine gives a ffU^w insteail of a violet ; 
shaken out from its salts %kith NH^HO and chloroform, and the latter 
eva{>ocatcd, leaves a residue, turne<l first yt^Uow. and finally brick-red, with 
a J per cent, solution of H);Cl, in diluted alcohol (proof spirit). 
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(5) Hyoscyamim, An aqueous solution acidulated with HCl is not precipitated 
by PtCl^ but is by AuCl,, and this, when dissolved in boiling H^O, acidulated 
with HCl, and crystallised, yields lustrous golden-yellow scales {distinction 
from atropim). 

Step Vll. Dissolve some of the original substance in water (using a 
drop or two of acetic acid to help solution if necessary), then 
add chlorine water and a gradual excess of NH4HO. 

(a) A clear green solution = ttuinine or ttninidine. 
(d) A white precipitate = Cinohonine, Ginohonidine, or Sparteine. 
(c) A clear yellow = Phenazone {Antipyrin), (Confirm by nitrite 
test, see page 90.) 

Note. — In presence of salicyl^-te the ordinary tests for quinine fail, and in this case it 
is necessary to dissolve in dilute hydrochloric acid, shak^ up with ether to 
remove salicylic acid, and then draw off the watery solution from beneath 
the ether and test it for quinine. 

Separation of the Cinehona alkaloids from eaeh other. — Dissolve in a little water 
by the aid of a few drops of dilute HCl, heat nearly to boiling and drop in 
dilute NaHO until the liquid is as nearly neutral as possible to litmus paper, 
and no more than a mere trace of permanent turbidity is produced ; cool 
perfectly and then stir in saturated solution of Rochelle salt until precipita- 
tion ceases. When the precipitate has settled filter out the tartrates of 
Quinine and Cinehonidine so produced. To the filtrate add a little spirit, 
and stir in saturated solution of KI to precipitate the Qninidine. Again 
filter, add solution of ammonia in excess and shake up with a little ether, 
when Cinehonine will precipitate, and any amorphous alkaloid present will 
pass into the ether. 

To leparate Quinine and Cinehonidine.— Take the tartrates obtained as above, 
dissolve in a little water with sufficient HCl, place in a stoppered tube 
inmiersed in cold water, and then add sufficient ether, so that, after shaking 
and again coming to rest, there shall just be a visible layer of ether over 
the liquid in the tube. Now add excess of NaHO, again shake, cool, 
and see that a visible layer of ether still separates, but, should it not do so, 
a little more ether must be added and the whole once more shaken.. The 
closed tube is now to be left in the cold for some time, and if the whole of 
the precipitated alkaloid remains dissolved in the ether, then it was all 
Quinine, but if a crystalline deposit forms at the base of the ether layers 
Cinehonidine is present. 

To distinguish Sparteine from Cinehonine.— If 25 cc. of ether be added to about 
O'l grm. of sparteine sulphate in a test-tube, then a few drops of dilute 
ammonia water, so that the latter shall not be in excess, and an ethereal 
solution of iodine (i in 50) be afterwards added until the liquid, when shaken, 
turns from an orange to a dark reddish-brown colour, the bottom and sides 
of the test-tube will after a short time be found coated with minute, dark 
greenish-brown crystals, distinctly seen with a lens after the liquid has been 
poured out. ( U,S, P, ) 

Step VIII. If we believe that we are dealing with an alkaloid salt we must 
now proceed to test the acid. The acid radicals usually 
present in alkaloidal salts of commerce are chloride, sulphate, 
acetate, phosphate, citrate, meconate, nitrate, and salicylate. 

The first step will be to dissolve a little of the alkaloid salt in 
very dilute HNOs, and test (i) for HBr with CI water and chloro- 
form ; (2) for HCl by AgNOa ; (3) for H,S04 by BaCl,; (4) for 
H3PO4 by excess of ammonium molybdate and HNO3. 

The next will be to dissolve in water only, and lest with 
FeaCIe for acetate or meconate (red) or salicylate (violet). 
(Acetate decolourised by boiling, meconate not so ; also acetate 
gives no precipitate with Pb(CiH302)j, and meconate does.) 

Lastly, we must test in the usual way for a citrate (but, unless 
the base be caffeine, this is not likely), also for a nitrate 
(especially with pilocarpine and strychnine), and finally for a 
valerianate (with quinine). 



.M 
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KHO and a fratj;mcnt of resorcin g\\t% an intense red (roso/u 
act J) ; add a drop of aniline to some alcoholic solution of 
KIIO, then add a drop or two of the suspected liquid and 
l>oiK when a fearfully offensive odour of phenyl-isocyanide is 
produced. 

Creasotf (chiefly guaiacol and creasol). Very slightly soluble in water, 
m which it sinks. The ac^ueous solution gives a green colour 
with ferric chloride, rapidly rhan^'ing to a reddish-brown 
precipitate. Oeosote is miscibic with collodion without pro 
dticin^ any turbidity, and it is insoluble in commercial glycerine 
{diitincUon from liquid carholu act J). 

Elhyl AliifhoL Add KsOyO; anil HiS(>« and boil, and get a green 
colour and odour of aldehyd ; heat with NaCtH|Otand HsS<)4« 
ami get odour of apples ; warm with KHC) and iodine, and get 
yellow precipitate of iodoform (I^ihtns ttit l)est done on a 
|M3rtion that has Inren dtstitled f»ff' from the original liquid). 

C.\\^'trtne. Colourless and o<lourless syrupy li<]uid, volatilising on 
heating with very irritating va|>ours. A l>orax l)ead dipiK^l in 
gly< erine and helfl in the Bumen flame colours it ' green (if 
the orij^inal liquid l)e acid it must Ix; fint neutralised and 
ammonium salts must l>e absent). Two drofis of concentrated 
ulyrenne heated lo 125" (\, with two dro|}s each of phenol 
.ind H}S()4, yield a semt -solid mass which dissoU'es m 
dilute ammonia sulution. giving a carmine colour. liefore 
these tests are used for any mixture, it should be evmporaied 
to dr>-ness with excess of slaked lime at a temperature under 
100' C, and the residue having Uxn extracted with a mixture 
of cf|ual volumes of al>solute a)<'ohol and ether, the resulting 
solution should be evaporated on a water-bath, and the tests 
applied to the roidue. 

^Vffhyl Aliokiii. To 5 c.r. of the liquid add 2 grammes of KiCrjOr, 
and 20 c.c. of dilute H:S()« (1 in 4); let the whole stand for 
twenty minutes, and then dittil ofl* 10 c.r. Neutralise this dis- 
tillate with NajCO). eva|>orate to a low bulk, acidulate with 
acetic acid, and apply the tests Utx formate (page 46). 

A»'rt*l<nume <oil of mirlane). Vcliowish oily liquid having an odour 
of bitter almund.s. Placed in contact with xinc dust and 
diluted I1^^0«, it is reduced to anihne. If a crystal of KClOi 
l>e dropped in and lisM)« run down the tube (as in testing for 
nitrates) a violet i:o!«»ur i< produce<l round the cr)'stal. 

taraUthydum (|)araldehyd ). .^^luble in water (1 in 10); miscible with 
ether ; no colour with KHO after standing {dtsf.from aldikyd). 
Mirror on warming with ammonio-argcntir nitrate. 

II. The sm/^sfance is a solid which chMxt on hefttinf and eotirtly bvit 
9LW%j. Ol>serve the colour «if the sul>stance, try its solulnlity, 
first in rold water and then in cold chloroform, and apply the 
fulliiwing " — 

Case (A). .Substance u-ht/r, iiiff.«-t;i:|y soluble (or insoluble) in ciM 
water, but readily m < hli»rt»i«*rm. Suspect and test for: — 

A^eLimiide (antifebrin). Slightly s<»iut<!e in cold water (neutral reaction); 
freely soluble in < hlorofofTu. r:hcr. Ixrn/ol. and rectified spirit. 
Heated with solution of KH<> and a drop of chloroform, the 
(xlour of phcn> i isonitnlc is dcveiojied. Aqueous solution gives 
>eI!owish- white precipitate with bromine water (distimtwmi fw 
pAema.eftn). 
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A cold solution gives no colour with P'ejCU (distttution from 
atUipyrtHy ncetofUy and aniline salts). No colour with HfS04. 

Elaterin, In greenish -white friable masses. Insoluble in water, but 
soluble in chloroform. With a drop of liquefied carbolic acid 
and two drops of HfS04 gives first crimson and then scarlet. 

Naphiol (beta-naphthol). Often buff or yellow when old stock. Slightly 
soluble in water, freely in chloroform, and has a slight odour 
of phenol. Hot saturated solution with i drop of solution of 
NHs has a pale blue fluorescence. 0*1 grm. added to 5 c.c. 
aqueous KHO (i in 4) with i c.c chloroform, and gently 
warmed, the aqueous layer goes first blue, then green, and finally 
brown. 0*1 grm. in 10 c.c. boiling HjO, mixed with 10 c.c. of 

3 per cent, solution of Fe^Cl«, gives a precipitate lx;coming 
brown, but not violet (iibsence of alpha-naphthol), 

Piavtoxinum (picrotoxin). Slightly soluble in water, freely in chloro- 
form ; soluble in 10 parts of a solution of KHO, and the liquid 
reduces Fehling's solution ; H}S04 gives a saffron-yellow ; its 
solution is not precipitated by HgClj, by bismuth potassium 
iodide, PtCUt or by tannic acid (showing that it is not an 
alkaloid). 

Sahl (phenol salicylate). White crystalline powder. Almost insoluble 
in water, but freely in chloroform. On melting together salol and 
NaHO, and then rendering acid with HCl, crystals of salicylic 
acid separate, and the odour of phenol is obtained. If a few 
drops of very dilute FejCU be added to 10 c.c alcoholic solution 
of salol a violet is produced. Water that has been shaken with 
salol gives no colour with Fe,Clf (absence of free salicylic acid). 

Santonin. White when fresh, pale yellow when old ; nearly insoluble 
in water, soluble in alkali ; added to a warm alcoholic solution 
of KHO gives a violet-red colour, gradually fading away ; 
added to i c.c of HjS04 and a few drops of F'ejCU and heated 
gives a red colour changing to brown. ( These will detect santonin 
in urine.) Heated on a porcelain dish and H^SOi added gives 
a purple. 

SulpAonal. Slightly soluble in cold water and in chloroform ; fused 
with an equal weight of KCN the odour of mercaptan is evolved, 
and the residue dissolved in water, acidulated with HCl and 
FefO« added, a red colour is produced ; a solution mixe<l with 

4 drops of carbolic acid, and strong HfS04 added till the liquid 
boils, a green colour is obtained. Heated in air gives off SO^ 
or with dried NaC%H,0, gives H^. 

Casr (B). Substance wAite, not readily soluble in cold water or cold 
chloroform. Suspect and test for : — 

ClmsiJum (saccharine or benzoyl-sulphonic imide). Not readily soluble 
in cold water or in chloroform ; heated to redness with NajCOj 
it chars and gives off an odour of benzene ; not blackened by 
HfS04; on fusmg with NaHO, cooling, dissolving in water, 
(aintly acidulating with HCl, and adding F^CjCU, a reddish 
purple is obtained. 

Phenautimum (phenacetin). Only slightly soluble in cold water, and 
noc freely in chloroform. A hot solution gives a violet with 
chlorine water, fading to red ; boiled with HCl and FcjCU 
added gives a red ; mixed with four drops of carlx>Iic acid, and 
HtS04 added till the liquid boils, gives a purplish -brown colour 
and odour of acetone; o'l grm. boiled with 2 c.c. of HCl for 
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\ minute, and the liquid diluted with to volumes of water, cooled 
and filtered, gives a deep red with solution of chromic acid ; 
does not give precipitate with bromine water, nor does it give 
the isonitrilc test (dist. from acetanilide). 0*3 grm. in i c.c. 
90 per cent, alcohol, diluted with 3 c.c. water and boiled with 1 
drop /^ iodine solution, gives no red (absence of paraphenetidin\. 

Cdu (C). Substance wM/e (crystalline), and readily soluble in cold 
water. Suspect and test for : — 

Chiorai {hydrops). Soluble m water. Heated with solution of KHO 
gives odour of chloroform, and the contents of the tube give 
the reactions of a formate (page 46). Ciives the same test with 
resorcin as chloroform. Miied with a 5 per cent, solution of 
carbolic acid, and an equal bulk of ll}SO« added, gives a pink. 

Phimizomum (antipyrin or phenyl-methyl-pyraxolone). Freely soluble 
both in water and chloroform ; with NaNOs and diluted sul- 
phuric acid gives a green ; an aqueous solution with an equal 
volume of HNO| is yellow, passing to crimson on warming ; 
FcfCU gives a deep red, discharged by dilute HtS04. 2 ex. 
of a I per cent, aqueous solution with 2 drops of HNOi goes 
green, changed to red by adding 3 drops more and l)oiling. 

Kesoran. Freely soluble in water ; FefCl« added to an aqueous 
solution gives violet, discharged by NH4HO: KasOClf gives 
a violet, fading u> yellow; NH4HO and CaOClt gives a red 
violet, turning yellow. 

Soluble Saceharitu. Tests as for glustdum, Init when heated to redness 
leaves a residue giving the tests for sodium. 

Sugars, (a) Suarose (cane sugar). A solution boiled with diimit 
H]S04 darkens markedly, but not when boiled with liqmor 
potassa. Trommer*s test (a few drops of solution of CuSO« 
with an excess of KHO and lioiled) gives no red. F^hling's 
solution (see p. 1 29) gives no red. 

(b) Glucose ((:rape sugar). A solution gives no darkening 
when boiled with dilute H^S04, but darkens when boiled with 
litfuor potaiut. Trommer's and Fchling's tests both give a red 
precipitate. 

(r) Lactose (milk sugar). A solution is only slightly affected 
either by boiling with dilute H}S04 or with lufU4>r foiassm, 
Fehling's and Trommer's tests l>oth give a red precipitate. 

Case (Z>). The substance is coloured. Suspect and test for : — 

Adefs Lama (cholestcrin-fat). Insoluble in water, soluble in chloro- 
form and ether, sparingly in rectified spirit. The chloroformic 
solution poured gently over the surCice of strong HfSO« gives 
a purple ; five grammes in ethereal solution mixed with phenol* 
phthalein give a red on the addition of '2 c.c. of normal sodium 
hydrate (distimcti^m from ordinary fatty acids, which wcmJd 
ittfontfy and absorb much more soda). Soluble in bodinf 
alrohoi, and rr> stall Lses out on cooling. 

Aloin, Yellow and slightly soluble in cold water, freely in hot; 
iav>lul>le in ether. HN(^i gives a red (except with socaloin» 
which p»e« brownish). I>iSM)]ve in strong HfS04 and a lev 
drofn HN( >i, dilute with water, and get a yellow, turned deep 
cbret by eicess of NH4HO. HtS04 on a fragment of aloin, 
and a rod moistened with H NOi held near, gives a blue with 
nataloin onlv. 

m 

Chtysarobim. A brownish -yellow powder, partly volatile by bent 
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3felk>w vapours ; insoluble in water, but soluble in KHO» gradu- 
ally producing a brilliant red. HfSOi on the fragment gives a 
reddiish brown. 

Ftl Bavimmm (ox bile). Yellowish-green substance, soluble in water 
and spirit A solution mixed with a drop of syrup and then 
HfSOi cautiously added becomes cherry-red, changing suc- 
cessively to carmine, purple, and violet. 

GfkUimtm (gelatine). Swells up in water, soluble on boiling. Tannic 
acid gives a flocculent precipitate ; HgCls gives a white ; not 
precipitated by dilute acids, alum, plumbic acetate, or ferric 
chloride. 

Cmaiacum Resin. In powder yellowish green. Insoluble in H|0, but 
soluble in alcohol, and this solution becomes blue with FcjCU 
or solution of H,0^ The H,S04-»- H,0 lest (see Jalap Resin) 
gives a characteristic odour somewliat balsamic 

loJitform. Yellow, insoluble in water, and characteristic odour ; warmed 
with alcoholic solution of KHO, and then mixed with starch 
paste and excess of HNOi, gives a blue. (May be detected in 
urine by adding alcohol and pouring upon phenol -potassium 
contained in a test-tube, when the red colour will cover the 
bottom of the tube; soluble in alcohol.) 

falap Resin. Dark brown in fragments, paler in powder. Insoluble in 
water, but soluble in alcohol ; insoluble in turpentine. HfS04 
dropped on a fragment turns it reddish, and on adding a few 
drops of water, so as to cause evolution of steam, the charac- 
teristic odour of jalap is ol>served. Only 10 per cent, should 
be soluble in ether (absence of scammony or Tampico jalap resins). 

Podipkyliin. Pale yellow to orange-brown. Insoluble in water, but 
soluble in spirit; soluble in NH4HO; HsS04 on a fragment 
slightly colours it, and on adding a drop or two of water no 
characteristic odour is evolved. Partly soluble in ether. 

Resin, Insoluble in water, soluble in alcohol and in turpentine; 
HfS04 on a fragment gives a strong red, and on adding a few 
drops of water, so as to cause evolution of steam, the character- 
istic odour is observed. 

Siammony Resin. Brownish translucent fragments. Insoluble in HjO, 
but soluble in alcohol, and completely in ether (distinction from 
ialap resin). Alcoholic solution gives no colour with FesCU 
or H}Ot (absence of guaiacum resin). The H1SO4 -f H|0 test 
gi\*es the odour of scamnony. 

■miOV C. QUAIITATITS AVALT8I8 OF SCALE PEEPA&AnOVB. 
Ilip L Heat a little to redness on platinum foil, and observe the 
following possible cases : — 
(a) If it entirely bums suspect Beberina sulphate. 

CooAnn by testinc fur sulphate bjr BaCl, : aad for bebcrine with KHO, 
getting a ycUoirifth-white precipiute entirely dtuoWed bjr agitating the liquid 
with twice its volume of ether. This ethereal liquid evaporated leaves a 
yellow residue entirely insoluble in dilute HCl. 

(i) An ash is left : (a) Put a small fragment of the ash upon a piece ol 
red litmus paper, moisten it with a drop of water, and, if it 
turns the paper blue, suspect potastiiiiii ; (b) Dissolve the 
remainder of the ash in nitric acid, dilute and test with excess 
of ammonium molybdate for photphoric acid. 

AWn: — If K be stts{iected, prove it by igniting some oiore of the scale, extracting the 
aah with very little boiling water, hltering, cooling, and adding PtCl«. 
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Btop n. Nfake a weak solution of the s« ale, acidulate it with a drop of 
HCl, and test for ferroos iron with K«FctCitNts. and for terie 
with K«FeC«\«. Also test another portion by adding cxccu of 
Ai^NOi, and heating, when reduction to black or a mirror • 
tartimto. 

Step IIL To a strong solution add excess of NaHO, lx>il, and smell for 
ammoniA. If neither phosphoric nor tartaric acid has been 
already found, filter out the precipiuted ferric hydrate and use 
the filtrate for testing for acids as follows : — 

(ii) Test a portion for citric acid exactly as directed in the organic acid 

course (pa^e 80). 
('') Test another {Mtrtton by exactly neutralising with HNO|, and adding 

At^N'Oj, when a white precipitate » pjrophotphate, and the same 

turning black -= hypophotphite. 

Of course thi« <>trp i« norr to l»e taken unlr«« in in«Iicati(m of F be (oC 
in the a«h with molylHlAtc tn Step I. 

Step IT. N(.ikc a sfilution of a fair amount of the scale, add a drop or 
iwf» of ver\* dilute NlI|HO, and then add some strong NH«I(0. 

C*iS( <./). There is either no precipitate, or it dissfilves in strong 
NH|H(): Add M^me chlorofi»rm and shake up, Se^wirate the 
chloroform l.y a pi{K:(te, and evaporate it to dryncvs in two 
portions on sefiarato white dishes. Test the one residue for 
itryehnine, and the other for qninioa. 

Case (Ii). The NI{«IIO rauses a |>ermanent white precipitate: 
1' liter out precipitate, and dis^ilve it off the Alter with a little 
warm water containm^ a few dropii of acetic acid. lioil the 
solution down to a low bulk, cool, neutralise ii necessary with 
very dilute NalK), and then add a few drops of saturated 
Solution of Kochelle sails and shake, when a white precipitate 
- einehonidina. If not that, then add NH4IIO, when a white 
precipitate insoluble on shakin,;; with ether -- eiai 



DIYISIOl D. OEVERAL SKETCH OF THE METHOD OF TESTIHO 

FOR F0I8018 ni mXTUEBS. 

This course is only carrief) down to the Inrst method of pieliminary 
procedure for the is'*Litum ni the i«»ison. all the individual tests to ht after- 
wards applii'tl haMP.^ tjeen alreadv ful!y di-scrifK'tl in this or former chapters. 

AV/r >'c!cn!* «!c*irinj; !•» *ti:ljr the ^u*- rvt n»'»ie «!rrjljr »re refer?*! to I>r. LcyvU • 
x\\\<.f^ xn iic:rcT:'*n <•! ptn-'n^ in ih^ An^l\it |>.*r 1K90. 

Step L If the 1 liquid lie \*ery strong! y acid, and effervesces violently with 
NallCOj, test for poison-ius acids, s|)ecially for Vitvte and 
Oxalie. 

A'«Vr ( U I'ti.- aci-I i« \i€s\ %efar3'n'. fr<>m a m iturr If preLi|>itJiti(ici vith plvabic 
A. rr j!c. hllefinj^, »u«prn<linc the ; re\ :{ ;'^*>- tn « ater, and nMMBg 11^ TIm 
rrnii>\r^ the teail. an*i. af:er i);i:n M'rrinK ifut the rt»S, the lM|«iil » 
ctajkiratol to a \'a\\x\ le \*Xi^ an i tr%:rt l-ir otaiK acid. 

Step n. A< :(ii:]ate with I of \\s bulk of HCl (hiter, if necessary^ and 
4p;»iy kcinihs test for As, >b. Hg. 

Step m. H'irn to ash.diss'ilve this m Hf '1 or HNO|. and test by ordinary 
« oursc for |w>i»unous mctais, e^^jxTuIly I*b, (*u, and Zn. 

Step IV. If the on^irul. either alone or mhrn hcited with dilute HfSO^ 
^.vis the ««l'^ur of HCN, of ciriiwlic acid, or of phosphorus^ 
te>t ^|H.c tally for them. 
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The rttctions of HCN have been given at page 40, while those of carbolic 
acid art found at page 51. If a piece of filter paper, moistened with solution 
dL AgNOib and suspended in the neck of the flask or bottle containing the 
fiapMed matter, be not darkened after warming the whole to 50^ C. for a 
sinrt time, no phosphorus is there. If darkening should occur, the suspected 
is to be acidulated with HsS04, and distilled in a dark room, using a 
Jebig^ condenser, when a luminous ring will be observed to form in 
die upper part of the condenser tube. If the suspected matter should contain 
spirit or certain other volatile bodies, the ring will not appear till they have 
pssMcd oirer. 

Map V. If the original has no odour of opium we proceed to apply Stos's 
process for the detection of alkaloids as follows : — 

If the original be a solid, it is operated upon directly, but, 
if a fluid, it is first evaporated to dr>'nedS on a water-bath. 
Add some strong alcohol and a small cr>'stal of tartaric ^.^ 
acid, boil, and filter. Evaporate the filtrate to dryness O 
on the water-bath, and take up with warm water slightly /''^^ 
acidified with acetic acid, then cool and filter (if neces- 
sary), taking care that the liquid just remains acid. Put 
this acid liquid into a separator (fig. 17), and shake it 
up with ether or benzene, and carefully separate the 
ether. (This ether may contain fat, certain hitter prin- 
ciples, and glucosides, and therefore, in a general in- 
vestigation of a drug, it should not be rejected, but 
evaporated, and the residue examined.) Now make ^**" '^' 
the liquid distinctly alkaline by the careful addition of NajCO) 
or NaHO, and again shake up in the separator with chloroform, 
which will take up all the alkaloids except morphine. The 
chloroform is separated, evaporated at a very gentle heat, and 
the residue tested for alkaloids by the course given in Division 
A by the table facing page 87 of this chapter. I^istly, the 
alkaline liquid is shaken up with warm amylic alcohol, which 
extracts morphine and leaves it upon evaporation. 

KtU. — It is oftra better to get the alkaloids out from the chloroform or amylic alcohol 
by shakmg the «»e}^rate(i solvent up «ith water acidulated with acetic acid 
or IICl, thus getting an aqueous solution of the aikaloul and leaving any 
rcstooos matters in the chloroform. The re-treatment of this fkolutum with 
alkali and chloroform, etc., will then enable us to get the alkaloid tn a state 
of pority. 

Ittp TL When opium is suspcctfd. Acidulate with acetic acid and filter, 
if necessary (any alcohol present being got rid of by boiling it 
ofl). Precipitate when cold with solution of plumbic acetate, 
filter, and preserve the precipitate (a) for examination for 
meconic acid and the filtrate (b) for morphine. 

{a) I^recipitate (a) is suspended in water and treated with HyS till per- 
fectly decomposed ; the P1>S filtered out, and the filtrate, after 
evaporation to drive ofl" HfS, tested for meconio acid. If this 
be found, it is held to be sufficient proof of presence of opium 
taken in connection with the odour of the original. 

{k) Filtrate freed from Pb by H^S and filtering is e\'aporated to dryness 
with a slight excess of NaHCOs on a water-bath. The residue 
will yield its morphine to alcohol, generally in a state suffi- 
ciently pure to evaporate a drop, and test If not, then amylic 
alQohol must be used. 
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CHAPTER VI. 
WEIGHING, MEASURING, AND SPECIFIC GRAVI7Y. 



L WSIOHIHO AND KEASTTEIVG. 

All bodies mutually attract each other. As the earth is the largest body 
within our atmosphere) it follows that its attraction is always greater than that 
of any surrounding matter. The force thus developed is called the attraction 
of gravitation, and its exercise is the cause of weight Weighing is perfonned 
by means of the well-known appliance called the baluioe. Figure iS 
illustrates a chemical balance of the modem short-beam type, h is the 
handle by which the balance is put into action, and R is the appliance for 




Ft J. .1. 

placing ridfer weights upon the graduated beam. Weights are made either 
according to the metrical or the English system, as fallows : — 

(a) Ttie Metrical syitem. — The metrical weights of precisian above one 
gramme are in brass; and then we have '5, 'z, 'i, 'i, and following them 
■05, '02, '01, '01, all in platinum or aluminium foil. 
' The quantities below '01 (one centigramme) are weighed 
by a rider on the beam. The combination of 5, a, i, 
and I has been chosen because they have been found 
} give the greatest number of possible combinations 
I with the fewest weights. Figure 19 shows such a box 
t^\- 1> of metrical weights as usually employed in quantita- 

tive analysis. The metrical system is founded upon the mitre. The metre is 
multiplied and divided entirely by 10, thus : — 
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9S 



Kilo-nctrt 
Hecto-metre 



Caiti-metre 



looo* 

100* 

to* 



•I 

•oi 



The mdre taking the practical place of the English yard, the decimetre 
cooKquently takes the place of the foot, and the centimetre of the inch ; aiKl 
just as wei^t is got in our system from the cubic inch, so it is got metrically 
from the cubk centimetre, only much more simply, because i aUfk centiwuirt 
§f dutiUid waUr^ measured at 4^ C. oW 760 millimetrts bar,^ weighs one 
The gramme is multiplied and divided exactly as the metre, thus: — 



Kilo-frminme 

llecto-^nuniiie 

Dccm-gramme 



line 

Centi-grmmme 
MiUi^grmmme 



1000* 

too* 

lo* 

I- 



•I 

•01 

XX>I 



One kilogramme (icoo grammes) of water at the standard temperature and 
pranire measures one litre (or 1000 cubic centimetres), and we have therefore 
tlic following simple relation of weights and measures of water : — 



Weight, 
looogrammci 
100 
10 
I grmmme 



Messore. 
I litre or 1000 cubic centimetres. 
I ded-litre or 100 ,, 

I centi-Iitre or 10 „ ^ 
I milli-Iitre or I culnc centimetre. 



So ve see that using water at 4^ C, a gramme by weight and a cubic centi- 
aetrt by measure amount to the same thing ; as likewise do a kilogramme 
^ weight aiKi a cubic decimetre (or litre) by measure. The relation between 
tbc two systems is easily calculated from the following standards : — 



Metrical. 
1 Grmmme 
I Kilognunme 
t litre 
I Metre 



English. 
15 4p gr&ins. 

2-205 lb. (or 15*452 grains). 
1*76 pints (or 35 fl. ox., 2 drachms, II minims). 
39-37 inches. 



So that I decimetre b, as nearly as possible, 4 inches ; and i decilitre, a trifle 
GDder 4 fluid ounces. 

•>) The Emglish system, — In weights of precision, any amount alnn-e 10 
puns is usually represented by a series of small brass c)*1inders, from 10 to 
>ooo grains ; then follow 6, 3, 3, 2, and 1 grain in platinum wire, and 
^fetrsards '6, *3, '3, '2, and *! of a grain in platinum, or. more frequently, 
B ah:ininium wire. Quantities of less than ^^ grain are weighed by a small 
'*4tT of gold wire placed on the beam of the balance. The foundation of 
^ English system is the inch. One cubic inch of distilled water, measured 
s 60^ F. and 30 inches barometrical pressure, weighs 252*45 grains, or 
*S'l grains nearly. Inhere are 437*5 grains in an ounce, and 16 ounces 
^* 7000 grains) in a pound. Measure of capacity is obtained by weighing 
^ 10 lb. of water at 60^ F. and 30 inches bar., when the whole measures 
^^ fdlon. 'Ilie gallon is in turn divided into 8 pints ( « 20 ounces, or 8750 
V^BKm kA water, per pint); the pint into 20 fluid ounces (• 437*5 graim 
^ ^"Her per fluid ounce) ; the fluid ounce is di\'ided into 8 fluid drachms 
^^ 54*68 grains of water per fluid drachm) ; and, lastly, the fluid drachm 
• divided into 60 minims (91 grain of water in each minim). 
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n. SPECmC ORATITT 

may tw generally ciphtncd to Ik; the ratio of (he wciitht of one thing to the 
irci)(ht (if an e<|ual tulumv of something vise taken as a standaid. Kor li'tuidt 
and soUds the standao) is distilled water at a temperature of 6a° K. An aciiiuini- 
ance with the various cases whirh may occur in the taking of specific Kravitjr 
is of great im|tortani'e. as it forms an exccedin);ly ready method uf testini; ihiie 
iniriiy and strength of many sulntanres. A knowledge of the specific gravity 
uf the various l>mhe!> also cnaliles the chemist to tell at once what any fciven 
volume of a Icjuid oULiht lo weigh, or conversely, what size uf vessel will be 
required to eoniam any i;iven weight. The following are the chief varictia 
uf cases which may iircur in taking :— 

I A ) Speeifle Omntj of Liquids. 

Cam: i. To uk« tha tpMiflo fnTitj of & fluid.— A «inall Ifottle of thin 
glass is |iru>'urcd. ami (-(<uiitcr|>i>iM;<l u|H.n a Italance. It is then filled with 
distilled walt-r at 15 5 (.'. H>q h' l.anii the «^.■i^;hI of the water thus intnxluccd 
noted. llie Ixiltle, having Ixrn cmptii-il .mil dticd, is filled with the h'lUid 
to lie tested, al^o at 155 C. (fio \'.\. ;ind the whole is again weighed, lly 
this nii-.-ins. hsMii.: au eriamed llie wii^^hl nf cpial hulks of water and fluid. It 
only reinjin?. to liuule the weight uf the fluid liy the weight of the water, arKl 
the •]Uoiii'nt will Im: the si>ei-itie gravity Tei|uired. To iitake the calculaiKin 
ilear, utiserve the fulluwing cxami>lcs: — 

\ o<unlrr|> iwl lii<lllc lilltil aiih ilMiJIfil water «<.i;hi luo giamion ; the ud>e boltk 
liUnl mill w.\ huiic ui'l weight lK4 J gtaniiiira, ihcn ; 

'^ ^••I'1L43. lilt •iccilic cfiTJlf ulthc acal 

Acain. the <Anc Uiltic, nicfuilr waUictl, an.! fiUoi with icriitiol *|iifil. mci^jht S3 8 gn m — ■ 
then:— 

- — "8j8, the t|iccitic CTBTtlf o( [cv'iuie<l ij'int. 

In practice. IhhiIl^ are sold with fierforated sliipiicrs, which, when entirely 

filled with the li'iuid, and the Mopiwr dn>iit>cd in, so that no buMilcs of air 

are jHowkI ti> remain tutween the si<i)>]>er and the lii]uiil, euctly hold a 

given weight uf water. ,\ ii.uiucrjHiisinc weight for the empty lioitle is alto 

provided: vi that thuv is nothing further to lie done hut simply lo pUce 

the counte[l'•')^e in one ^eale, and the iHittle. tilled with the Iiijuk] umki 

euniinaiun, m the other ; and hjtini: asiertained the weight, to divide b]r 

the known wei,;ht of water for whi< h the bottle wa» 

Q constructed, lig. jo shows an ordinary s|>ecifie gravilj 

B U>ttle. 1-ig. 11 shows a s|ieciti(- gravity liottie the 

I slopiier of whith is a therm unieler, thui enabling lu to 

I ol»erve the i-xait ieii)|>eiaturc of the hi(uid at the 

I Riomcnl of wei^hin:: 

A I < A-c >. To take tho ipeeille fravity of % UqiU ky 

m ■ A. )BC«Bi of the hydrometer. The hydromciet depcmb 

11 I ffl '"' 1'^ action on tlx.- theorem <-f Atchtniedes. If a K>tid 

^B U|^ \»^\\ \k immersed m j h'(iiii) sjieiilically heavier than 

^^^^^^^^^B ii>e f. It Kniinuc- sink until 11 has displaced a bulh 

^^^^^^^^^L (if e-jual t.. own weight, and then it bMOma 

^^^^^^^^^^^ siaEmnary. .■^u}<j-om: an with a weight 

^^^^^^^^^^~ at i:s liasf to uuse it to ll at ugfight, which has a 

**•■■■ ''*■"■ i.jv.ifu- wtiiih: exactly half that of water, lie imtnericd 

in that )!uid. it will sink to exacity half its length, liciausc its whole weight ia 

lountcrgnHscd by a l'-.:ik • f t'.uid e'i'J4i to half Its sue A h)dronieter it a lou 

narrow gUss or metal tult- «i:h a bulb near the Uiitom filled wiUi air, aM 

another smaller bulb beneath cunlaining a sulHcient ijuantity Oi 
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waght it and cause it to float upright. There are two kinds of hydrometer^ : 
{%) fof fluids heavier than water, and (2) for fluids lighter than water. The 
tion of the former is performed by immersing the instrument in water 
introducing such a quantity of mercury as will cause it to sink, so that 
oolj about one inch remains unsubmergcd, and marking this point 1. The 
OHtnunent is then plunged successively into several liquids heavier than 
viler, the specific gravities of which are known, and the points to which 
k fiKS are marked and numbered. By this means a scale can Ix; made 
those points indicating any gravity from i upwards. In hydro- 
for fluids lighter than water, the first sinking in that liquid is continued 
bf weighing until only the upi)er )>ulb is immersed ; and this i>oint having 
been marked i, the instrument is placed successively in known fluids lighter 
than water, the points to which it sinks marked, and by this means a whole 
IS obtained. The method of using the hydrometer is readily g 
from the illustration (fig. 22), in which a is the hydrometer, 
i is a thermometer also placed in the liquid to show the 
temperature. Most hydrometers l)eing made to indicate s(K^ific 
jVavity at 15*5"* C. (60° F.), it follows that the liquid must either 
^ first bruught to that tcmi)crature Ixrforc using the instrument, 
cr else the temperature employed must l)e noted, and a calculation 
]c, toscd upon the coefficient of expansion of the lifjuid in 




'"scMion. 

S}ie*i hydrc>meter is used in England by the oflicers of cxci.sc, Fix. !•. 

to indicate the strength of spirituous li({uors, and thus facilitate the 

coUection of the revenue. It is a short brass instrument with the stem 

graduated from o to 10, and a series of nine weights to place l)eneath the 

rwslli By otisemng (i) the teminrrature, (2) the weight put on, and (5) the 

pciuit to which it sinks on the stem, and referring to a lKX)k of tal>les which is 

*o^d with the hydrometer, the strength of the spirit is ascertained. Another 

modification of the instrument is found in TivadddTi hydrometer, which i^ 

Qscd in chemical works for testing the density of liquids having a greater 

iprcific gravity than water. It is so graduated that the reading of any indi- 

cired degree, multiplied by 5 and added to 1000, gives the s|>etMtic gravity 

as coinpared with water. SiHxritic gravity lK*ads form the only other variation 

of the hydrometnc idea. These are small loaded bulbs of known spec ific 

panties, which are thrown into the li({uid to Ixr tested, when the number 

ttarked upon the l)ead, which just floats underneath the surface and shows 

90 tendency to sink or risci gives the s|K'cihc giavity required. Hydrometers 

a any form mu?»t in accuracy rank considerably t)oncath that of the s{>et-itic 

^Ttty bottle : but in commercial operations, where an approximation only to 

crjcrectneM is rcquireti, these little instruments are invaluable 

^KSL 3. To take the speeifle gravity of a Uqoid by weighing a solid 
Wf IB it. -Take the weight of a gLiss stop|>er, or other suitable plummet, 
•'« Hispcnding it from the hook provided for the pur(K>se in all balances of 
aodcm type (see tig. 18, |)agc 94). Tut a wooden stool (also |)rovided with 
*3 modem balances) over the {tan, and upon this place a beaker containing 
^■tilled water at 155' C. (60" K). Let the plummet hang Inmeaih the surface 
^the water and again weigh, and then empty out the water, sul>stitute the 
fcidfalsoat 15*5^0. (6o~ K) ), immerse the plummet xs liefore, and onrc 
*ait weigh. By deducting respectively the weights in water and in fluid 
^^ the weight in air, we get the loss of weight sustained by the plummet in 
^bcase. It is evident that the lighter the liquid, the more the plummet 
•"•J Weigh ; therefore we divide the loss of weight in the jiuid by the loss of 
^''i^ im wttfer, which will give the specific gravity of the liquid. This rule 
" ^0* |iractically applied in all modern laboratories by means of the Wottphal 
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baUnee (fig. 23). By this a small thermometer (a), adjusted to a counter- 
lialancing weight (b), is placed in the liquid, and the loss of weight is restored 
by little rider weights placed on the beam, which are so contrived as to readily 
indicate the specific gravity without calculation. 

(B) Speciflo OrmTity of Solids. 

Cass 1. To take the speeiflo graTity of a solid body in mass wUeh is 

insoUUe in and heaTier than water.— The method 



<gk 



9; 



o 



hy which this process is conducted was suggested by 
a theorem attributed to Archimedes, which may be 
thus expressed:— A solid on l>eing immersed in a 
liquid is buoyed uf) in proportion to the weight of 
the fluid which it displaces, and the weight it thus 
apparently loses is equal to that of its own bulk of 
the liquid. A piece of the solid substance to be tested 
is weighed, and is suspended by means of a fine 
thread from one arm of a balance so that it dips 
under the surface of a vessel containing distilled water 
at 15*5^ C (60'' F.), when its weight is again noted. 
Its weight in water is deducted from its weight in air, and the weight tn air 
IS divided by the difl'erence so obtained, which gives the specific gravity. 
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EXAMrLL 

A piece of marble weigh* 
Immened in dittillcil water . 



JQ fimminctt. 
1SS9 



t* 



■t 



Differeoce in weight nil 

By dividing 30 hy It'll we oMain the quotient 27, which '%% the %i*eci6c gravity of ikt 
OMtfrne. The practical arrangcnieiit has been almdy detcribed above (/.i/Mil/r, Cm$4 3>. 

Case 2. To arriTe at the speeifle fimnty of a powder wUeb is hisehiMa 
im and haaTier tbaB water.— Weigh a portion of the powder in av, then 
introduce it into a counterpoised sfHrcific gravity bottle constructed to bold 
X known weight of water. \ai\ the bottle l>e carefully filled with distilled 
water, gently agitating to insure that no minute hubbies of air shall remain 
attacheii to the particles of jiuwder ; then weigh the whole. From the weight 
of the powder in air, //«i the known weight of water which the bottle shook! 
contain, deduct the weight obtained in the second operation, and divide the 
onginaJ weight of the powder by this difference. 

KxAHrLL -2 grammci (tf a {tiw.irr are wrtghed out. ami poored mlu a 
specific gravity tK>:ttc. C(m%tnicte«! to h(«Id too gramme* of water. The bottle 
ti found to weigh lot 2 grammes : thm~ 

a grammet ♦ 100 grammes •• I02 gra 

Weight of the bocile when chargcvl 1 xck\i 
with |«>w<lcr and water • 

Ihffcrcnce 
Tberrfure, 2 g7an«me« divuleti ((y '^ gramme 
imwder. 

Casi: 5. To take the speeiAe granty of a snbstaaee in 
bat lighter thaa, water.— The difficulty met with m this case consists in Ike 
imptissibility of weighing such a sutisunf-e alone in water, liecause it 
the surface i>f that li«)uid. It therefore l^ertimeik necessary to attach a 
of lead suthciently hca%'\- to sink it. and thus a complicatiofi is i 
The light substance i> tir^t weighed in air in the ordinary manner, and i 
attached to a sinker, and sus|>ended from one arm of a tialance imdcr 
surface of distilled water, when the combined weight of both is 



will give 2*5 at the specific gimvliy ef 
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Tbe liglit body is now detached, and the weight of the sinker alone in water 
ttoied Bj these means we obtain the following data .- — 

L The weight of the light body in air. 
ii The weight of the sinker in water. 
vL The weight conjointly of the light body and sinker in water. 

We tfaen deduct the weight of both in water from the weight of the sinker ir 
; add the weight 0? the light substance in air ; and £vide the weight of 
)ai^ML body in air by the product so obtained. 

— A li^ht sabttmnce wei^s la gnunmcs in air ; being attached to a piece of lead 
fai diMiUed water tbe united wei|H>t amounts to 4 grammet, wbile toe weight of 
in water shows 5 grammes. Then : — 

Weight of lead in water ... 5 grammea. 
Weight of both in water . • . 4 „ 

I/iiKrence ....•• i gramme. 
Add weight of light body in air . la grammes 

Som 13 .. 

I3« the weight in air, bnr 13 obtained as above, we arrive at the dedroal fraction 
"ft J ai the specific gravity of the Ught substance tested. 

Case 4. To obCaiii the speeiile frmvitj of % inbstanoo sdnUe in water.— 
Pl o ccc d exactly in the same manner as in Case 2 or 3, according as the body 
■ in mast or in powder ; but instead of water, use oil of turpentine or some 
other liqiud in which the solid is insoluble. Having obtained the specific 
parity of the substance by calculating just as if water had been used, multiply 
the resoh by the known specific gravity of the oil of turpentine or other fluid 




EXAMPLt. — A lump of sugar wc^hing 10 grammes was found to weigh when immersed in 
di «f tarpcBtiae 4*562 grammes, 'nien— 

The weight of the sugar in air was ... 10 grammes. 
„ tf oil of turpentine . 4*56a „ 



5-438 

10 grammes hj 5*438 grammes yields 1*84 as the spedBc gravity, a< if water had 
; and by multiplying tms result by *87, the specthc gravity of oil of tuq>entine, we 
t "6 as the actual specific gravity of the ttmple of sugar openUed on. 

Having thiu considered in detail the various complications which may arise 
• taking the specific gravity of liquids and solids, it only remains to point out 
kflw the foregoing may be rendered subservient to commercial purposes. 



<C» FiMliaal AffBwitioni of Speeiilo Oravity of Solids and liquids. 

Cass t. Tb« tpaeifie fimTity of a body being known, it is deaired to aa 
Miin Iki wd|^t of any given Tolnme of the sabttanoo. Find the weight 
^tlie given bulk considered as water, and multiply this amount by the 
Vtofic gravity. 

KlAMPiJi L— What would be the weight of a fluul ounce of oil of vitriol ? We know that 
'^■iomee of diitiUcd vrater weighs 437'S grains and the specific gravity of oil ol vitriol b 
^VS; i^ if we oraltiply the former figures by the latter, we obtain 806*31 grains, which is 
~^' ' of a fluid ounce of thb add. 



J^Aarta ii.^How much should a litre of chloroform weigh? The weight of a litre of 
lOOgraBmes ; and by multiplying looo by I -49, the s{>ecihc gravity of the chlf>ro(orn}, 
1490 grammes, as an answer to the question. 



HAKfui ill. — flow much should a fluid ounce of pure ether weigh ? The «|>eahc gravity 
^ ^ iad a fluid ounce of distiUcd water weighs 437*5 grains ; multiplying the one number 

31$ 
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Cask 2. Oiven the weight of any known bulk of n Uqnid, to And its 
•pedfle fimTity.— Divide the weight by that of the given bulk considered as 
distilled water. 

KxAMPLC^A pint of »pint wei|;h« i6| rMincc^. Is it rectificil or proof spirit ? By dividisf 
ihift weight hy jo ounces, the ^wertained wei);ht of a pint of diitillcil water, we obuin u an 
aiuwer 'H3S. We know, therefore, that the spirit thu« te»teil must have licen rectiAcd. 



Cask 3. To find the amount of eoUd matter, in gTmmmea, prteent in 100 e.e. 
of a tolution of given tpeeifle fiavity. So far as any ordinary rule can be 
laid down, cs{><:ciaily with regard to saccharine liquids, for which this calcula- 
tion is generally used, we multiply the gravity by 1000, and then, having 
deducted 1000 from the product, we divide by 3*85. 

KxAMrti. A \accharine v^luti'm has a gravity of It>ii4 : how mudi lolid mattef tk 
ICrammes does it contain in each c.c. ? 

It>it4 X 1000 - 101 1 '4 - to30 ss. 11*4 .'. -^= a'961 grammes per fooc^ 

3**5 

(D) Speeifle OraTity of Oaaat. 

Taking the ilenNity of gases and \'apours involves many more complicated 
considerations than are rc<{utred in the methods applicable to the tpert6c 
gravity of lnjuids and solids. The standard adopted for such bodies \% 
hydrogen, measured at a teni[Krrature of o^ C. and a barometrical pressuie 
of 760 millimetres <N.T.P.). 

When taking the specific gravity of li(]uids or solids, it is easy to obtain the 
water or other fluid required at the exact temperature necessary, by the use of 
cooling or heating appliances. With a gas we need exercise no such manipu- 
lation, t>ecause the coethcient of ex(ansif>n of all vapours and gases is alike 
and well asicertained. The measurement of guises is therefore conducted 
without any attempt to mcxJify these conditions : but the indicauion of the 
thermometer and I urometer lieing carefully noted at the time of the experi- 
ment, a simple series of calculations enables us to ascertain how much the 
volume of gas would have measured had the test Ixxn conducted at a standard 
of tem{)crature and pressure. The following are s|iecimens of such calcQ' 
Litiuns ; — 

Corroetion of the volnme of a gas to ehanfes of tsmperatirt. — ^This is 
txased on (JharleN* law, which states that '* the volume occupied by any given 
weight of a gas is directly pro{K>rtional to its at>S4»lute temperature." Akt^hUi 
temftraturt means degrees aliovc 273' C, which is the absolute xero of tcm- 
fKrrature. To convert degrees of ordinary teminrrature into absolute 
It x^ therefore necessary to add 273 to all degrees al>ovc «ero, while 
lielow o arc to be deducted from 273. From this law, given — r, the Tolume ; 
r'. the re«)uired volume ; /, the given alw^lutt temperature ; and /» the required 
al»olute temperature ; — we employ the following calculations : — 

- r , ani r. 

Correetion of the volume of a gas to changes of praosnrs.— The law of 
Ho\le sL3te> tha: ** the %o!i:me oC(ui>:cd by any given weight of a gas is 
inversely pro|M»riiunal to the pressure." Therefore, / txring the given ptessuie, 
and/' the retjuircd pressure, we have 

/ X » 1^3'/ 

' - T- , an 1 ^-P 

f ' 

When a j;as is nu•a^ure•i 1: is generally r.ecisviry to correct for lx)th COCI* 

tlitt^rN. .mi then we enipl- > d«.u'ile pr(»(-.rt:'jn the following fonnobe wdl 

!m: luan>l Useful as tiieetinf; all urdinar>* coses : — 
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(i) WamM ike change of volume resulting from a given alieraiion ef 
kmferaiure and pressure : — 

/x ^ 

(a) Wanted the change of temperature resulting from a given alteration 
if volume and pressure : — 

/x t^X /_y 

/X V 

(3) Wanted the change of pressure resulting from a given alteration of 

volume and temperature : — 

v* x/ '^ 

(4) To find the volume at N.T.P. of any gas measured at a given 

temperature and pressure (the temperature being above o^) : — 

/ X 273 X r ^^ 

/ X (J73 + given temp,) 

Or, in a decimal fraction (dt — difference between o^ and given 
temperature) : — 



/x (I +-0036651*) 

The manner in which the specific gravity of a pernuuient gms was formerly 

ohtiiiifd was by exhausting a thin glass globe by means of the air-pump and 

«e%btng it ; then filling it with air at known temperature and pressure, and 

wcUitng ; and lastly, pumping out the air, filling the globe with the gas at a 

MBuar temperature and pressure, and again weighing. After deducting the 

wc%iit of the empty globe from each of the two latter weights, the weight of 

die fH was divided by that of the air. 

Nov, however, in modem laboratories all that is practically done away with, 

~ the standard taken for the density of gases and vapours is hydrogen ; 

tKcaose (1) it is the lightest known gas, and (2) we know the weight of any 

given volume of it without the necessity of weighing each time. Therefore, 

to take the density of a gas or vapour we weigh a given number of cubic 

centimetres of the gas, noting the temperature and pressure at the moment 

of weighing, and having corrected the volume so obtained to N.T.P., we 

difide this oy the weight of the same number of cc. of hydrogen. A litre of 

bydrogen at o^C. and 760 mm. bar. weighs '0896 gramme; therefore each 

Cjc of H will weigh '0000896 gramme. 

(E) Vapour Density. 

After finding the percentage composition of substances by analysis, and 

fiom that cakiilating an empirical formula (which is done by dividing the 

ptfoentage of each element by its own atomic weight, then, taking the lowest 

^ these answers as unity, dividing all the others by it and expressing the 

^Btital ratios in the simplest full numbers), it is necessary to prove whether 

^ viiD of such formula is the true molecular weight Upon the theory that 

^ l aoleciiles occupy a space double that of an atom of hydrogen, we can 

^y^ oor case by uking the hydrogen density of the substance in vapour (if 

^J5^^**le), and then such vapour density x 2 = the true molecular weight 

ftsearch acts as a check upon our formula obtained by analysis, and 

or may not lead to our having to multiply it until its sum equals the 

thus found. 
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(a) Mayer't Method. — This is the simplest and most rapid process. The 
apiKiratus used is illustrated in fi^ 24. The inner tube (a) is closed with 
a cork and arranged so that its Ixrnt delivery tube just dips under the 
surface of mercury contained in a trough. Any suitable liquids boiling at a 
higher temiieratiirc than the t)ody of which the density is to be taken, u 
placed in the outer tut>c (b), and heat being applied so as to boil the fluid, 
the air in the inner tulK' expands and passes ofl* through the merctiry. 
When buhl lies oi air cease to pass, some water is poured upon the 
surfare of the mercury, and a graduated gas collecting tube, filled 
with water, is inverted o%'er the delivery tube. A known weight of 
the sulistance. enclosed in a specially made minute stop|)ered Ixxtle, 
is then intr(Hiuf'e<i mto the mner tulK* (a) by rapidly raismg the cork, 
dropping the lioitle in, and instantly closing. The vapour produced 
now diNplares an equivalent volume of air, which |>asses mto the 
measurmg tul)e. When action ceases, the cork is opened to prevent 
back suction, and the air in the tube is measured, notmg tempera- 
ture and pressure. This volume in c.c. when corrected to N.T.F,, 
and multiplied by 0000896, gives the weight of a volume of hydrogen 
equal to that of the va|)our, and Ixstly, by dividing the weight of the 
sulMiUnce taken, by this calculated weight, we obtain the vapotir 
density. The coerticient of expansion of all gases lR*ing practically 
f^E- M. equal, it is evitlently the same thing whether we measure a volume 
of actual va(M)ur at a given temperature, or that of an equivalent 
volume of air displaced by it at the same tetn|ferature. Such a minute 
quantity of the sul)stance must be taken as shall not, when in vapour, more 
than displace the air conuined in the inner tul)e of the apparatus (which 
should hold about 100 c.c), otherwise the whole prcjcess manifestly fails. As 
the gas is collected over water it vi necessar)* to refer to a table of the tension 
of aqueous vapour at the tem|)erature of measuring, and to deduct it from the 
obser>'ed height of the barometer, iK-fore correcting to N.T.P. 

(h) Dmaas Process. — A thin, clean, dry gloss glotjc, alx>ut three inches in 
diameter, is employed. Its neck having l>een drawn out to a fine tulje in the 
blowpipe llame, it is weighed, and the tem{Hrrature and pressure noted. By 
gently heating the bulb and dipping the open end into the volatile lic|uid, a 
suiuble quantity is drawn into the glotx: by the contraction of the air. 
Attaching a handle hy means of wire, the sphere is plunged into an oil bath 
furnished with a thermometer, and is then heated somewhat above the volati- 
lising point of the contained liquid. When all vai>our has ceased to issue 
from the glotx, the oritice is hermetically scaled, and the temperature and 
prcssiire again noted. The ap|jaratus is allowed to cool, separated frooi 
the handle, cleansed, weighed, and the weight noted. The last step b 
to break oflf a fragment of the neck beneath the surface of a sufiiaenqr ol 
mercury, when, should the experiment have been carefully performed, the 
liquid enters the glo)>e. completely filling it, and the ra|acity is ascertained 
by emptying its contents into a graduated glass measure. Supposing the 
expenment to have Ixren perfectly successful, we have the following five 
data: — 

1. W eight of glolKT filled with air. 

a. Tem{H:rature and |n'essure at the time of weighing. 

3. W eight of globe //mi va|K)ur. 

4. Tcm)>erature and pressure at sealing. 

5. Ca[iaiity of the glolw. 

Pr<>ceeding from these dau. the first point is to find the actual weight of 
the globe, lliis is done by calculating the capacity of the globe frooi the 
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and pressure at the time of weighing to o^ C. and 760 mm. bar., 
mahipljring the true volume thus found by '001295, ^bich is the 
it of a cubic centimetre of air (i litre at o^ C. and 760 mm. bar. = 1*395 
y HaTing thus obtained the weight of the air, it is deducted from 
ibe weight of globe and air, and the difference gives the true weight of the 
; and by deducting this latter from the weight of the globe plus vapour, 
obtain tbe actual weight of the vapour. But as this weight is that of the 
of vapour at the temperature and pressure at the moment of sealing, 
be correct e d to standard tempecature and pressure, and the weight of 
« eqaal voltune of hydrogen ascertained. To do this, the capacity of the 
globe is once moie put down, and reduced from the temperature and pressure 
at toding to o^ C. and 760 mm. bar., and the resulting volume is multiplied 
bf *ooooS96, which is the weight of i cubic centimetre of hydrogen. The 
which gives the actual weight of an equivalent volume of hydrogen, 
taken, and divided into the weight of the vapour already found, and 
is the density. 




(/) Vole OB Weigbti and Kaaiuet. 

The American Pharmacopoeia has entirely discontinued the use of any 
wdf^ts and meastires except those of the metrical system, and the spelling of 
the serms has been Anglicised thus : — 

gramme to grmm^ abbreriated to Gm. 

tore to liter .. ,, lit. or looo Cc 

cabic centimetre to atbu cen/tmrter, abbreviated to Cc 

abbreviations, being very convenient, will be employed in the following 
rt on Volumetric Analysis, so that students may become accustomed to 
both systems of spelling and abbreviation. 



CHAPTER VII. 

VOLUMETRIC QUANTITATIVE ANALYSIS. 



L UTRODVCTOET krwartb. 

VoLUMFiRic analysis is that in which the quantity of any ratgemi required to 
fHrrfonn a given reaction is ascertained, and the amount of the subitance acted 
upon is found by calculation. The process of adding the reagent from a 
gradtiated measure is called titratioa. 

(A) Volametrio or standard tolation is a solution of definite strength, made 
by dissolving a given weight of a reagent in (rama in a definite Tolaaa of 
water in oabie eeatimeteri. Such solutions are usually made on the following 
principles : — 

The theoretical normal solution is an imaginary one, containing i Gm. of 
hydrogen in i liter (looo Cc.) of water, and a normal solution of any reagent 
IS such a weight of the subsunce in Gm. (also i liter of water) as is 
capable of combining with, displacing, or otherwise performing a chemical 
function equal to that of i Gm. of hydrogen. This weight is termed the 
eqniYalont of the reagent, and it is ascertained as follows : — 

(if) Tft€ rea/^nt is an element. We divide the atomic weight of the 

element by its valency. Thus — 

ir - I. CI* - 3$ -5. Br' - 80. r - 127. O* - S, etc 
(/) The reaf^ent is an aad or an alkali. We divide the molecular 

weight by the active combining power, as shown by the number 

of atoms of dispiareablc hydrogen in acids, and by the vakocy 

of the base in alkalies : — 



Nabic- formula. 

llytiniCcn .... II * I 

lia - 36-37 



ll\iiriichlorir acul 
Su'phuric acki . 
Ci;nc acid 
Soilittin hydroftwle 
Calcium hydros kJc . 
rifta%»tuin carN naie. 
I*u(a«%idm l>icarli>njite 



H^SO.-rl - 4»-^l 

ll,<\ll,0,n,0^j - 69-»3 

.\allO - 39^90 

Ca(HO.,-rJ - SbiJj 

K.rO,-r J - 0S^5 

KliCO, • 99M 

(c) Tie reajion is a sfe^ial one^ Jff^ftJitit^ on a ftirtitnlar aeti^m. We 
diviiie the molecular ^or atomic) weight of the reagent by ita 
comliming |>ower, a5 shown in the equation. For example* 
taking the ca*<' of the action between iodine and arscniooa 
an J, we find the e'jiminn : — 

As* »» ♦ al| ♦ an/) - .\v<»^ ♦ 4III. 
Mach atom of Kxiine being e(]uiva!ent of one of hydrogen, k 
follows that each H would e^iual \ of \%i<h \ therefore a nonaal 
solution of that Imkjv would be 198 -i- 4 *^ 49*5 Gm. per liter, 
and would exactly decolori/e 1 atomic weight (« taj Gaa.) of 
iodine. 
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The foDotring abbreviations are used to express the strength of standard 



M * m aormal tolutioD having 1 eqaivilent weight in Gm. per liter. 
1 f • m dcdaonBAl solution having ^ equivalent weight in Gm. per liter. 
1«f -m ccBliiiornul „ ^U » t* •> 

{B') Am imJioatOT is a substance added to enable us to asceruin, by a 
change of color (or other equally marked eflect), the exact point at which a 
given reaction is complete. 

The principal indicators employed are prepared as follows : — 

(1) Indioaton for aatimating adds or alkaliat. 

(«) Litmus indicator. Boil powdered litmus in alcohol of '82 sp. gr. 
repeatedly till no more red color is extracted, and then digest 
the residue in an equal weight of cold distilled water. Pour or 
filter off, and then boil the blue powder remaining in 5 times 
its weight of distilled water ; filter and preserve the filtrate in 
a bottle stoppered with a loose plug of cotton, so that air 
is admitted, but dust excluded. This indicator \& blue with 
alkalies and red with acids, and is affected by all acids, includ- 
ing CO^ It therefore does not give a reliable indication 
with alkaline carbonates unless the COs is expelled by boiling. 

{jH) Phtnal'phthaUin indicator. Make a i per cent, solution of phenol- 
phthalein in diluted alcohol of 937 sp. gr., />. i Gm. in 
100 Cc. This solution is red with sdkalies, and colorless with 
acids. It is not suitable as an indicator with ammonia or 
alkaline bicarbonates. 

(r) Rosalie acid indicator. Dissolve i Gm. rosolic acid (or the com- 
mercial dyes known as paonin or aurin R) \Ti 10 Cc. diluted 
alcohol, and make up to 100 Cc. with distilled water. This 
solution gives a violet-red with alkalies, and a yellow with acids. 
It is specially useful in the estimation of alkaline ammonia salts. 

(d) Mcthyl-orange indicator. Dissolve i Gm. of methyl orange (or the 
commercial dyes known as heiianthin^ Poirriers orange jP or 
tropceolin D) in 1000 Cc. of distilled water. Into this, carefully 
drop diluted sulphuric acid till the liquid turns red and just 
ceases to be transparent, and then filter. This solution is 
yellow with alkalies and red with mineral acids, but is not 
affected by COs or boric acid, so that it is the best iiKlicator 
for the aiudysis of alkaline carbonates and borax. It cannot, 
however, be used with oxalic acid or organic acids generally. 

Tbere are many other indicators, but the above are those really most 
ftacriUy useful in acidimetry or alkalimetry. 

AW^Tbc U S.P. gives A very »uitatile warning; as to the above iodicatoni, which it 
^wtky ol being quoted in full. It ftay» : ** Each tcHt-«oIuuon u«eil as imiuat^r should be 
" 1 •• toon as prepared, and afterwards from time to time, as to its neutrality. If 

r, it tSottld be broogbt, by the cautiou« addition of diluted sulphoric add, or of a dilute 
of an alkali, to inch a putnt that, when a few drops of it are added to 25 Cc. of 
a«agle drop of a centinormal acid or alkali, respectively, will distinctly develop the 
^"BpQadtaf tinta. Since many of the colored test- solutions are injured by exposure to 
"CK a IS best to picjci v e them in dark amber-colored vials^** 

(S) Indieatort for ipaoUl pnrpoaas. 

(«) Starch mudiagt. Mix i Gm. of starch (arrowroot is preferable) 
with 10 Cc. of cold water, and then add enough boiling water, 
with constant stirring, to make about too Cc. of a thin, 
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ttwiaparent jelly. To prdcrve this lolution for any length of 
time, 10 Gm. of zinc chloride ihiiuld be added to it, and the 
solution iranifcrred lo inull bottles, which should be well 
stoppered. It is used for the deteaion of free iodine, with 
which it strikes a dark blue. 

(^) Patattium ihrfmatt lalutwn. Dissolve lo Gm. of pure KsCrO* 
in loo Cc of water, then carefully drop in dilute solution of 
argentic nitrate till a slight red turbidity i> produced/ let settle, 
and pout dT into a stoppered boitlc. This solution gives a red 
precipitate with AgNOi, but mat until any chloride, bromide, 
iodide, or cyanide present has entirely comb) iwd with the silver. 

(.') PittmsikiH /trrUyanidt lo/yfion. Dissolve i part of potassium 
fcrricyanide in about lo parts of water, lliis solutioa must 
be made freshly when required, as it is rapidly decomposed 
by light. The freshly prepared aqueous solution, when miud 
with some ferric chloride solution and diluted with water, must 
show a brown tint, free from turbidity or any shade of green. 
{€) Tk» appuKtu spMiftllj MiploTad in Tclunctrie ABftljda. 

t. 7%r mtas^ng Jiasi, so constructed as to hold « de6nite amount of 
fluid fsay looo or too Cc.) when 611ed up to the mark oo the 
neck (fig. »5). 



^ 




». Tfir till mixtr, a cylindrical vessel, to h<rfd i liter of fluid g 
in measures of lo Co each (fig. i6). 

3. The hurtttt, a graduated lulx, usually containing toe Cc UmI 

graduated in divisions of i Cc. lur jo Cc in |^ Cc), far om- 
lainini; and delivering the standard solution. This is ined 
With a clamp or stopcock at the bottom, which, when pnasd 
or turned, allowi the conuined li<iuid to run out at wm§ 
regulated speed desired. It should also t)c furnished with as 
appliance called " Erdnunn's Aoat," which ciubks M to read 
the quanuiy of fluid delivered more accurately. (Fig. ty 
showi two burettes in ihetr stand as usually empkxyed.) 

4. Tht ftf^ttr IS an tnslrumcnt graduated to Jtlixtr a &scd volume o( 

liquid (^y 10, >o, 50, or 100 ('c). Fig. 18 shows a set of sock 
in»liuments arranged in a convenient stand. 
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(/>) W«if hiif opeiatioiif. The student should have a tared watch-glass 
for vrighmg out solids and a small stoppered bottle for weighing volatile 
By carefully keeping these much trouble is saved. 

(1) To weif^h a solid. Place the tared glass on the scale, and put on 
it what is judged to be a sufficient quantity of the article to be 
weighed, then weigh the whole and note the weight thus : — 

GUm <t> subttaxice 5*632 Gm. 

Known Ure of gUs .... $132 



tt 



»t 



Weight Uken for analjsis -500 

(2) To weigh a volatile liquid. Fill the small stoppered bottle with the 
liquid and weigh ; pour out what is judged to be sufficient into 
the flask containing the indicator, replace the stopper and again 
weigh, noting each weight at the time thus : — 

Toul veif ht of bottle -»- fluid . . 20982 Gm. 

Weight 01 bottle t> fluid after ponring out 15*482 



•I 



tt 



Weight of fluid taken .... 5*500 

NsH, — It is most important always to take the weights directly down in a noCe-hook 
Irom the balance, and to cultivate the habit of always rtpiadng the weigkis 
m tkeir proper kola in the weight hex when finished. This enables us to 
hare a double check— (1) from toe weights in the pans, and (2) from looking 
at the empty boles in the weight box. In weighing brass weights are used 
from 50 to I Gm. ; flat platinum weights from *5 to *oi Gm. ; and the rider 
on the beam b used for milligrams (i>. "009 to t)Oi). Before weighing, 
ICC that all the weighu are in their right places in the box. At the conclu- 
son of the weighing, read oflf the weights and put them down in a note*book, 
and then check that reading by putting them back into the box, looking, a.s 
TOO do so, at the note already made. Always dose the case of the balance 
bdore osing the rider, so as to prevent currents of air affecting the weight. 

iE\ OtMnd Bodu operandi A known weight of the substance to be 
it accurately weighed, and, having t)een placed in a flask, and dissolved 
diluted with, water (if necessary), the indicator is added, and the standard 
of the reagent is dropped in from a burette until the desired effect is 
The number of Cc of standard solution used having been noted, 
a ii multiplied by the " Cc, equivalemt " of the substance analyzed. 
Soppoae* for example, we desire to ascertain the purity of a sample of 
ide, and, having weighed out i Gm., we find that 24 Cc. of 
oxalic add were required for exact neutralization. Normal 
ad is 62*85 Gm. per liter, or 06285 i" ^^^ ^<^i ^^^ ^X ^^ equation 



HgC^«. jH^ + aNallO - Na,C,0, -^ 4HA 

a)tJ57 ^)7?:9« 

M-l) 19-90 • 39*96 Gm. of NailO, equivalent to 62*85 Gm. acid. 

Tbe oonnml lOer e^ivaUnt of Na HO is therefore 39 96, and the normal Cc, 
is 39*96 -^ 1000 « '03996 ; therefore each Cc. of acid used will 
'03996 Gm. of soda. Then — 

H X -03996 • -95904 Gm. of real NailO in the I Gm. weighed oat for analyna. 



^ttCQQ4 X 100 

* ^*'^ • 95*904 per cent, real loda in sample. 

the above in rules to commit to memory, we have the follow- 

L Write out the equation and reduce the first side of it to normal 
equivalent weights. 
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II. According to the strength of the ftandaid solution employed, 
divide the normal equivalent of the substance under anal)rsis 
by looo (for normal solution )» 10,000 (for decinormal), etc, 
thus getting the ** Ce. equinUent** 

III. Multiply the number of Cc. of sundard solution used from the 
burette by the Cc tquivaient of the substance analysed* thus 
getting the actual amount of such substance in the quantity 
weighed out for analysis. 

W. If percentage l>e re<iuircd, multiply the last result by too, and 
divide liy the weight uken for analysis. 

(/') TIm quantity of the snbitanoo to be weif had ottt Cnr aaalyiia. Two 
considerations are to be kept in view, viz. : - 

(a) The smaller the weight o{K*rated on, the greater will be the 
multiplication of any error in the final result. 

{b) On the other hand, the weighing out of an amount of substance 
that will take more than cme buretteful of the standard solution 
IS to be deprecated as a source of error. 

The |Kiint is to steer a judicious middle course, and this can al'«^ys be 
(lone by considering the equation, reducing it to normal or decinorii»al, etc., 
equivalents, as the case may be, and then seeing how much will lie re<|uired 
to take a reasonable numl)er of Cc. of the sundard solution, supposing the 
substance to l>e pure. 

Thus taking the equation already considered, 

1{«C^« . 2l{,0 ^ sNaHO - NV=,0« ^ 4IIA 

s)ii5:7 s)79*9a 

<>a'f5 39 96 

it \a evident that (roughly speaking) 40 (im. of soda would take 1000 Cc of 

normal acid, and vice versd. If therefore we are using a 50 Cc burette, we 

evidently must weigh out somewhat less than 

63 -r so •> 315 oulic Acid 

40 -r 30 «■ a 00 iodiaiii hydrmte 

for titration by 50 Cc of a normal solution. 

In many cases the after-calculation may lie altogether saved by weighing 
out a previously determined quantity, so that the number of Cc of standard 
solution used will at once give the |)crcenta^e. This idea is conveniently 
exemplified in the determination ui iron in salts thereof. The normal equiva* 
lent of iron is (roughly s|ieakin^*) 56, and the solutions emplo)'ed in its etti- 
mation arc usually liecinormal. thus giving a liter equivalent of 5*6, and a Cc. 
et]uivalent of '0056. If therefore we were to weigh out '56 of iron, it is 
evident that each Cr. of a dectnornul solution of a reagent for estimating 
It would represent |Ji,-, of '5^ ^r 1 \'^^ veni. Similarly, \i we take '56 of any 
ferrous salt (containing one atom of iron in each molecule), each Cc of 
the volumetric solution will re|>re%ent i ycx cent, of iron present Supposing 
the percentage of iri>n to Ik: ^inall (.is m //y. frrn frrihior.), we would 
double the quantity ox 112 iim.. and then eai h Cc. would equal '5 per 
of iron. 

The rule may lie thus \uted for all titration - Calculate the Cc. eqaivalcnt 
of the substance >ou de>ire to estimate, uking into consideration the standard 
of the solution >ou are using {:.t. normal, deiinormal, etc.), and, having 
multiplied by 100. wei^h out this (|uantity for arulysis. Then each Ct. cf 
your s^ilution useil fr^m the burette will ■ 1 per cent, of real subftanoe in 
the quantity weighet! out, and fractions of a Cc. - similar fraaions of 1 per 
cent When it is not desired to use a larger burette than 50 Cc, only 50 
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die equivalent should be weighed, and then every '5 Cc *- t per cent. 
Wkh very accurate to Cc. burettes graduated in ^^ Cc. only 10 times the 
equnralent may be weighed, and then each ^ Cc. *- i per cent ; but, as 
bdbfc stated, the delicate work in this respect leads frequently to error. 

{O PkwavtiaM ia direct titratioB. The sundard solution may be added 
at firit from the burette to the liquid analyzed at the rate of about '5 Cc. 
at a time, and the liquid should be stirred or agitated after each addition. 
When it it seen, by the effect on the indicator, that the desired point \s 
appnxiching, the standard solution should be added more carefully, and 
falUy, at the rate of a single drop at one time, till the effect is obtained. 
The placing of a white porcelain slab, or a sheet of white pa))er, under the 
containing the solution to l)e analyzed, helps us to see the changes in 
Enore accurately. All titrations are better done in flasks, the contents 
eC which can be readily agitated by holding the neck, and givmg a circular 
oKyfement from the wrist between each addition of the standard solution 
ttom the burette. 

(/O ItaMwil titration. This method is employed when the indication 
of the completion of a reaction is not easily seen. It consists in adding a 
definite excess of the reagent, and then, by means of another volumetric 
solution which gives a precise indication, ascertaining the amount of the 
ftagent remaining uncombined. This residue, deducted from the total 
amount of original reagent added, will manifestly leave a difference due to 
the aaual amount of that body taken up in performing the reaction. Sup- 
posing, for example, we are analyzing a body (\V) by finding how many Ccs. 
of a volumetric solution (S) would be required to be added until no more 
prcciptute forms, but that this exact point is difllicult to see. We therefore 
choose another voltmietric solution (Ss), that will exactly neutralize S in 
presence of an indicator giving a definite change of color when the reaction 
IS complete. To W we add, say, 50 Cc of S (taking care that this amount 
IS moie than sufficient to entirely precipitate W), and, having added our 
indfecuor, we titrate with St, of which we will suppose we used 10 Cc Then 

5aS " loS, « 40 Cc. S, required for tbe origiiuU precipitation. 

And lastly— 

4D X tkc "Cc. equivalent** of W » the weight of real article present in the amount 
thereof vctgbcd oat for analysis. 

Hiving thus given a general idea of the mode of working, we now com* 
Aeaoe to practise with the chief standard solutions as follows. 

U RAVSASD ACID SOLTTTIOVS (Alkalimetry). 

Hie standard acids usually employed in volumetric analysis are thus 
i'tpired and used 

{A) Preparation. 

(I.) NORMAL OXALIC ACID. 

Sirtmgtk :—IItCtOA'2l/tO - 1257 -7- 2 = 6285 Gm. f^r liter. 

(Usually rounded off as 63 (im.) 



^^w b made by powdering some pure oxalic acid, pressing it l)etween the 
^*^ ol blotting-paper (to remove any chance moisture), and weighing out 
^y^ 62-85 ^'ro- *** * ^fcd l>caker. The powder '\% then washed out with 
*!jjJM water from the beaker mto the liter measuring tbsk, which is nearly 
^ kd With water and slightly warmed to aid solution. When all is dissolved, 
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more water is poured in till the solution arrives at the mark in the neck of 
the flask, and finally the whole is cooled down to 60^ F., and is once mote 
exaaly inade up to the line with water. 

AWlr— The acid oicd miia Icarc no retklue when heated to redneu on platjiraa fefl. uhI 
1 Gm. most be entirely lolable in 14 Cc. of diMilM water at 15° C Sboold it not aiMwef 
these tc»ts it mast be purified at ft>Ik>wi : —Shake up 100 Gm. of the impwe acid with 
t liter of water until uturated, and filter. Kvaporate tne filtrate down to 7(0 Cc, and let it 
cool and cr)*ualliie. Pour off froin the depottit and again evafmrate to cryvtalliiinf point, aad 
fct it to crystallixe tttrnng occasionally to prevent the formation of lar|(e cryUali. Finally 
drain the cryataU, dry them 00 blottin|;*paper, and prctcrTC m a well'MopperHl bottle 

(II.) DECL\OR.\fAL OXALIC ACID. 

Strtngth .—6*285 (6-3) Gm. ftr liter. 

Take 100 Cc. of the normal acid, wash into a liter flask, and make up to 
the mark with distilled water. 

(III.) NORMAL SULPHURIC ACID. 

Strength .—II^SO^ - 97 8a -f- a - 48 91 Gm, ftr liter. 

(Usually rounded off to 49 <im.) 

Mix 30 Cc. ordinary strong sulphuric acid (98 per cent.) with 900 Cc. of 
distilled water, let it co(»l to 15 C, and then make up to 1050 Cc. This 
rough acid is then to l)e standardized as follows : — 

((!> With normal alkali. Put 10 Cc. of the rou^h acid in a flask, add a 
few drops of phenol-phthalcin, and run in normal solution of KHO or NaHO 
until a faint permanent pink is produced. Note the numlx-r of Cc. ol 
normal alkali used, multiply by loo, and dilute 1000 Cc. of rough acid to 
this amount. Kxample 10 Cc. rough acid tf>ok t ra Cc. alkali ; then 1000 Cc 
acid are to be diluted to 1 laoCc, and 50 Cc. of this should exacdy neutrahie 
50 Cc. of normal alkali. 

ib) With pure anh\Jr-*us Sthlium carbonate (in the absence of reliable 
normal alkali). Weigh out a'6403 (2*65 M'm. pure sodium carbonate, and 
dissolve in water in a flask ; aiid a few du^\is (»f methyl strange, aiui run in 
the rough acid from a burette till the yellow changes to pink. Note the 
number of (x. u>ei), and then put 20 limes this amount into the test mixer, 
and make up to 1 titer with water. 

AW/, i'ure NayCO, i« brtt ma<ie 1>t (ackmt* a prrcniator with irood 



and jierC(>Utifi|* with di>tilleil «atcr until thr r.aui. (ci<»>ini; thrim,*h. f^xsr% no reactiaa wiili 
A^No, (ir liaCl^ after act-luiarm^- «i!h IIN^), and 111 1 rr«tirt.fiTcly. The cnoteota of ikt 
tiercuUior arc then drie«l anl heated tu redncu, anl tlic rouiuc »avc<i aa "cbcnucally psrc 
Na|CO| fur ftian«lAr!t.'in|; acid^." 

(IV.) DECIXORMAL SVLPIirRIC ACID. 
Strength . — 4 891 (49) Gm. per liter. 

Put 100 (V. normal sulphuric acid into a liter flask, and make it up to the 
mark with dt^tilleii water. 

(V) NOR.MAI IIYDKOCIILORIC ACID. 

SUtnctn HCl - 3'« .5; Grn. per hUr. 

(ISually rounded ofl* to 3C> 5 (tin.) 

\fakc up 130 C*c. rif ori!mar>' 32 (percent, and to i liter with distilled wMer. 

This make^ a roui;h an*! rather t(H> strong, which is standardiied as followt : — 

(a) With m>rmal alkalt. l*ut 10 Cc. rough acid into a flask, and ticnae 
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\\ M above directed for sulphuric acid. Note number of Cc. 
alkab nscdt multiply by loo, and make looo Cc. of acid of equal itrength. 
S u p p naiiig lo Cc rough add took ii Cc. normal alkali, then — 

lOOO X to 

— — s 909*1 Cc. rough add to be made to 1 liter. 

50 Cc. dL this add should then exactly neutralize 50 Cc. of normal alkali. 

(>) With crystaUiud caldum carbonate (in the absence of reliable normal 
alkah). 

CaCO, -f aHCl « CaCl, + CO, -f Wfi. 

2)9976 2)7274 
49*88 3637* 

Therefore i liter of normal add should dissolve 49*88 Gm. of CaCOi, and 
50 Cc. would therefore dissolve a'494 Gm. (or rounded oflf to 25). 

Weigh out 3 Gm. of broken (but not powdered) caU-spar in a small tared 
beaker, and run on 50 Cc of rough add. When all action has ceased, pour off, 
«ash by decantation with cold water, and then pour off, close, and dry the 
bcakcT and contents by spontaneous evaporation in a warm place. Weigh 
and deduct from original weight ; difference equals CaCOt dissolved Sup- 
posing that this difference be 275, then : — 

275 -2*5 = -25; 

t h c i ef oi c the add was ^^ too strong, and requires diluting accordingly. 

(VI.) DEClNORAfAL HYDROCHLORIC ACID. 
Strtnf^h: — 3637 (365) Gm. per liter. 

Dilute 10 Cc. normal acid to 100 Cc. with distilled water. 

(B) Bftimation of Alkaline Hydrozidaa and Borax. 

Any of the standard acids may be used for this purpose, but, if normal 
artd ht employed, sulphuric is preferable, es()ccially in winter, l)ernusc normal 
ox^ic tends to crystallize in cold weather. A pro|KT weight of the alkali havmg 
been taken and dissolved, or if in solution diluted, a few drops of solution of 
phcnol-phthalein are added, and the acid is run in from the burette until the 
red color is just discharged. The addition of the add is made at the rate of 
about \ Cc at a time (with constant agitation after each addition) until the 
color «how!( signs of lightening, then the acid is added in ^^ of a Cc. until 
the color disappears. With ammonia rosolic acid is used as indicator, and 
the acid added until the red turns yellow. For l>orax use methyl orange. 

The following table shows the con^'enient quantities to weigh, the indicator 
10 U4c, and the equivalent weight of the substance for each Cc. of normal 
Mnd used: - 

N«in« sad foraiulft. 

5>CftMi|; ammociu lolotioa NH, 
Lhlu:e .. Mi, < 

Socutioo of poUfth KHO 
. .. KxU NallD 
Por&Miom hfdfoside KHO 
Vidrnm NmHO 

>(tnt o# amroonu NH. 
bufu .N'«tBA- tollfO 

The following are typical equations of the chief reactions : — 
^a} Lufmor amnumia fort, amd iiifuor ammoniu. 

H^, -f 2NH, . H,0 = (NH,\SO. -f MjO. 



Gm. to 


Indicator. 


Accurmtr 


Approximate 


wrt|:h. 


e<)uiv«lent. 


cquivmJeot. 


17 . 


rosolic acid 


• t)i7oi 




017 


3*4 . 


»« »• • 


. -01701 




t)i7 


280 . 


phcnol-phthalein 


. "05599 




•056 


20'0 


It 


. X)3996 




040 


056 . 


•• 


. -05599 




•056 


040 . 


.« 


. 03996 




-040 


340 . 


rosolic acid • 


. -oiTOi 




t)i7 


I -91 


litmuft 


. 19046 


• 


'I91 
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(b) Potassium hydroxide or sodium hydroxide or their solutions, 

lf^SO« -f sNaliO a> NvSO, -f alLO. 

(c) Metallic sodium (thrown on water, and the resulting solution of NaHO 
titrated with phenol* phthalein as indicator). 

Nc, + aH/> s sNmliO + H- 
11^. -f aNmlfO = Na^O« + alC,a 
Therefore H,SO, = N^ 

(d) Borax (with methyl otangc). 

IlpiO, + NtfBA «o"fO = NirSO, + H.BA + ioH,a 

(C) BftiaatioB of Alkaliaa Oarbooaiet. 

By titration with normal sulphuric acid, with methyl orange as the indicator, 
because the COf given off does not affect this indicator. The acid is added 
till the color just changes from yellow to pink. The change is better seen 
when a very small quantity of the methyl orange is used, just sufficient to 
tinge the liquid pale yellow. For ammonium carbonate use rosolic add. 

AW/. — Alkaline carlionatet mmy a1«o be titrmted with ttaatUrd osmlic acid anrf lilau 
indicator, pruvidcU the (wuccm \% conducted in m boilinf lolution »o m« to drive off the CO, 
evolved, but no practical anaJpt now think t of uiing ints method when Mandanl »ul|>hnnc 
acid IS available. 

The following table shows the con\-enicnt quantities to weigh, the indicator 
to be used, and the equivalent of the substance for each Cc of normal acid 
expended : — 

Nam* and forvuk. ^im.x^ Aerara!<» 

rt«»« >Bu iorniM^ Weigh. lodieMof. eqaivAical. 

Official carbonate of ammonia 

N|HtiCyO} .... a-613 . roAolic acid . x>5aa6 • ^3 

Ijthiam carbonate L^CO. . '500 . methyl orange . 03693$ -037 

Potasaium bicarbooate KflCO| . Itxx> . 'O99U • 'too 

Touuium carbonate K,CO, . a69 . x>68955 069 

Sodium bicarbonate NalICO, . 085 • •• • '^'i^% "^ 

Sodium carbonate (anhy<iruu») . itxx> . ., '0Sa9a5 053 

1 he following are typical equations for the chief reactions involved :-^ 

(a) Cry stal Hud sodium carbonate » 

H^O, + Na,CO.. ioH,0 = NaJ^O, + CO, + iiH,0. 

{b) Dried sodium carboncUe. 

Similar equation without the H|0 on each Mile. 

(c) Sihitum bicarbonate. 

H,SO, + aSallCO, -= Na^O. -f aCO, + aH/>. 

id) Potassium carbonate. 

llp«iC>, + K,CO, =-- K,S( ), ^ CO, 4. jH,a 

(() Potassium bicarbimate. 

ll,SO, 4- aKHCO, _ \i^O, + 2("0, ^ all,0. 

{/) C *'*inifri.uil ** iarb-m lU '\f ammoni.i 

l\\^<^, + a N,ll„(. A' ^ ; Ml.^iSO. -»- 40», + aHA 

(D) Estimatum of Orfaaie Salts of the aiwij^ 



out the salt in a platinum or {lorcclam crucible, and then heating to 

tn contact with the air until all is |)crfectly chaned. The crucible is Dotr 
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cooled, and its contents dissolved in boiling water and filtered into a flask, 
sad the filter washed with boiling water until the washings do not affect red 
paper. The contents of the flask are then color^ by methyl orange 
citnued with standard sulphuric acid, in the manner described above for 
alkahne carbonates. The ignition causes the conversion of the organic salt 
laio an alkaline carbonate. 

The following table shows the best quantities to weigh out, and the 
eqnmlent weight of the subsunce for each Cc. of normal acid used : — 

NtfM and fonnuU. 



»• 



•• 



btaioftte LiC«HjO, 

dtrmle Li,CcH A .... 

aOicyUte LiC.H»Os 

accute KCyll.O, 

nUutffttc KHC^HiOf • 

cstimte 1C,C«H»0* 

todtum urtrate KNaC,H,0«.4H,0. 
NaC,H|0^ 3H^0 
bcuoftte NaCyll^O, 



Gm. to 


Aoc urate A 


weigh. 


equivalent. 1 


IXXX) 

rooo 


•12772 
0696566 . 
•14368 


I'OOO 


IXXX) 


•09789 


r88o . 


•18767 


it>8o 


10786 


i*4>o 


•14075 


1*360 


•«3574 


2-000 


•>437i 


1330 


•13244 



(«) 



Approximate 
equiTalcm. 

138 

•07 
•144 

•108 

•141 
•136 

144 

"33 

The following are specimens of typical equations for some of the above 
on the model of which the rest can easily be constructed : — 

btntoate, 

sLiC.H A -f 60, = U,CO, + 4CO, -f 5ILO : 
then U^O, + H^O. = Li^SO. + CO, + H/) ; 
tbcrdbre H^O« = 2UQ^\\fi^ 

(k\ Cruim €f tartar. 

sKHC.H.O, + 5O, = K,C(3, -h 7CC), + l\lfi ; 
then K/:6, + H^O, = K-SO, + CO, -f H,0 ; 
thenlbre H^SO, = 2KliC,il«0«. 

U) Stmiral potassium tartrate, 

s(K,CJH«OU . H,0) + 5O, = aK,CO. + 6CO, + 6H,0 ; 
tKcn 2H,SO, + aK^CO. = aK^O, + 2CO, + aH,0 ; 
therdbre 2ll,SO, = aK,CtIi,0«. Wj^. 

%d) RixJUlle salt. 

2(KNaC«H A • 4H,0) + 50, = aKNaCO. + 6CO, -f iaH,0 ; 
then aKKaCO, -f aHJ>0, = aKNaSO, + 2CO, + aH,0 ; 
thcrdbrc ali;»0, = aKNaCJl«0«. 4H,0. 

it) Foi€nsium citrate. 

aK,C.H»0, + 90.= 3K,C0, + 9CO, + 01,0 ; 
then iK,CO. -f 3H.SO. = iMO, + 3CO, + 311,0 ; 
thcTclbre 3H,SO« = aK,C«H40r 



(E) Bstiaution of Lead Salts. 

(tf> Plutmbic acetate. 

Weigh 3 (;m., dissolve in plenty of water (the flask \ full), with a drop or 
of acetic acid to clarify, and then carefully drop in normal sulphuric acid 
tatQ preapitation ceases. 

Take 3 Gm., and use the following equation : — 

ll,SO,-f Pb<C,H,0,),. 3H,0 = rbso.+ 2nc,ii,o, + 3H1O. 

ik\ lj^0r piumbi subacetatis. 

Take 13*63 Gm., add methyl orange, titrate with normal sulphuric acid, 
jttd apply the equation : — 

sli,SO«4- Ph^C,H,OJ, = aPbSO, + allC^I.O, + H,0. 

8 
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m. RAVSASD ALKAU SOLUTIOV. 

NORMAL ALKALL 
Strenf^th :^y^'Kfi (40) Gm, NallO or 55*99 (56) Gm. KHO in 1000 C«*. 

(A) Preparation and Chaok. 

As the commercial alkalies are not pure, this solution has to be made as 
follows : 

DissoU-e 54 (tm. of ordinary caustic soda or 75 Gm. of caustic potash in 
900 (c. of <listilled water, and let it cool to 15^ C (59^ F.), and make up to 
1050 Cc. Now place so Cc. of normal acid in a flask, add phenol-phthalein, 
and run in some of this crude alkali from a burette until a faint pink is 
produced. Note the number of C*c. of alkali used, put 50 tiroes that volume 
of the crude alkali solution into a test mixer, and make up to the toco Cc. 
mark with distilled water. On again checking, 20 Cc. of the acid should take 
exactly 20 Cc. of the perfected alkali for exact neutralization. When accunue 
normal acid is not a\*ailablc, weigh out '628c ('6;) (im. pmrt oxalic acid, 
dissolve in 10 Cc. of water (in a 100 Cc. flask), add phenol -phthalein, and 
titrate with the crude alkali. Note the numlnrr of Cc. of crude alkali used, 
multiply by 100, and then put that number of (*c. of crude alkali into a liter 
fla&k, and make up to 1000 (x. at 15' C. (59^ F.). This latter method is 
preferred by the U.S.P., which also considers KHO solution to be moie 
serviceable than NaliO, as having a less action on glass vessels. Should any 
less volume of normal alkali than 1000 Cc. Ijc desired, multiply the Cc 
required by the number of Cc. of crude alkali aied, divide by 10, and the 
answer will be the Ccs. of crude alkali to be made up to the desired volume. 

Normal alkali diluted from 100 Cr. to 1000 Cc. gives deciiKNinaL and 
from 10 Cc. to 1000 Cc. yields centinormal, alkali. 

Sundard alkali should be kept in bottles fitted with a rubber cork, through 
which passes a tube filled with soda-lime to prevent the entrance of COs frocn 
the air. 

{B) Aeidiaetry. 

Sundard alkali is used for uking the strength of acids by simply weighing 

out a quantity of the acid, and then running xn the soda in presence of 

phenol-phthalein, with the pecaution already described on page 111. The 

following are some of the more im(>ortant equations : — 

;u) NalIO+ HCl ^ NaCI ^ H^» 
<A) Nall()+ HNO,= NaNo, = H/) 

(^) 2.\*HO + ll^so, == X*^So, + alLo. 

(/) a.Nalin ^ ",<.»«.« \ = N*/:,H,o,-»- alLO. 

The following uble shows the convenient amount of each acid to weigh ont, 
and the e(|uivalcnt weight of real acid for each Cc. of normal alkali used :-- 



N««e and fornuli. ^" »" Aomr jte 

«rigB. rqutvAlml f^w 

.\c«!ic 11 l*,H|0, 00 . . t>$QH6 . 

t itnc n,l,ll,«»..||,o 35 o69«J . 

Iljr<lru)if.initc IIKr huH . 08070 

HyilrKhl.fio HCl 364 . o|frj7 . 

lly{->photph >ff iu« II . ril,i ), . 06 . XX*5V( . 

I-wiu IR-,H.«», . . 45 o89:g . 

Ni:ruHN«», 3145 . 062*9 . . ^3 



3? 



N'jljthur.c H>« \ 411 OfMiii _ 

lo casci of dilate aciJt 10 tiiict the abort vciffat auy a« • relc be 
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The addimelry of phosphoric acid is dependent on the indicator employed. 
If «e use phenol-phthalein, we complete the formation of the dibasic phosphate 
at the change of color thus : — 

vtiile with methyl orange the completion of the formation of the monobasic 
phoaphaie \m indicated at the change thus : — 

(^) H,PO. + KHO = KH,PO, + H,0 ; 

therelore the equivalents are : — 

PWtplioric H,PO« . phenol -phthalein . . X148Q . . -o^g 

M f» methyl orange . *0978 . '098 

(C) CbeeUiig the Strength of Ohloial Hydrate. 

This method (used in America) is thus applied : 2 Gm. of chloral hydrate 
are dissohred in to Cc. of water ; this solution is tested for acidity by litmus 
paper* and if add it is exactly neutralized by a few drops of very weak soda. 
to Cc of standard alkali are then added, and the whole is allowed to stand 
for half an hour to complete the decomposition into chloroform and sodium 
fonoate. Phenc^-j^thalein having been added, standard acid is run in from 
a boiette till the color changes, and the number of Cc. of acid used having 
been deducted from 20, the difference gives the Cc. of alkali used up by the 
dbkxml. Then on the equation 

aC,Ha,0 . Hfi + sNaflO = 2CHCI, -f sNtCHO, -f tWfi 

each Cc. of alkali so used represents '1655 Gm. of chloral hydrate. 



IT. RAVDASD SOLUnOV OF ABOSmC HTKATB. 

Strength: — Dtdnormal ^^ - > 6*955 ('7) Gm. per 1000 Cc. 

(A) Preparation. 

Disolve i6'955 Gm. pure AgNOt in distilled water, and make up to t liter 
<ioooCc). The solution should be kept in dark amber-colored stoppered 
bottles, and carefully protected from dust. 

CkaalL As argentic nitrate is not always pure, the solution when thus 
Vttde should be standardized by weighing out *i (i Decigm.) of pure 
povdered sodium chloride, dissolving it in water in a small beaker, adding 
wficient potassium chromate indicator to color it yellow, and then running 
n the ulver solution, with constant stirring, until the last drop just causes the 
^olor to change from yellow to pink. This should take 17 Cc. of silver 
•^tion, because — 

AcNO, + N«a = AgCl + NaNOr 

101169$$ io)$S-37 

>^'9$$ 5*^37 = ^^' <>f N*C1. equivalent to 1000 Cc /^ AgNO,, 
aod XX]^37 X 17 =- '099429 (practically 'I Gm.). 

If the silver solution be too strong, it should be diluted by the rules already 
P*^ (lee ante) \ but if too weak, it must have more AgNO| added, and then 
'^■Q checked and diluted. 

^peiraiwn of pure sodium chloride. Make a saturated solution of the l>est 
y ^^ie ici al salt, and pass in dry hydrochloric acid gas till precipitation ceases. 
?2*Me the crystalline precipiute, and dry at a temperature below redness, 
^ *<iftciently high to expel all traces of free acid. 



ii6 
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(B) iBtiBatioB of Haloffeas IB SolmUa tad Vttttral StlU. 

Decinormal silver solution is used for the estimation of haloid salts by 
weighing out any quantity ranging l>etween *2 and '5 (2 or 5 Decigm.), 
dissolving and titrating, KsCr04 being used as the indicator, exactly as alxnre 
described This process m only accurate in a perfectly neutral solution. If 
the solution be acid, then the estiniation roust be done by residual titration 
with KCNS (see p. 1 18). The following are some typical equatiofU : — 

(a) Potassium bromide, 

AgNO, -f KBf = AgBr + KNO^ 

(b) Amtmonimm bromide, 

AgNO, + NH.Br = AgBr -f- Nlf«NOr 
(r) Potassium iodide. 

KI -^ AgNO. = Agl -f KNOr 

Nh*. — Bromidct, if adultenuc«1 with iodidei, will take Uss tilver thAn tbcy oaght, b«i if 
the impuhtv l>c chloride, they will take «#rr. Tbetcfore they must ncitbcf take IcM dot 
tmtrt than the correct amoant. 

The principle on which an excess of silver used can be calculated to per- 
centage of KCl present in any sample of K Br is best explained by an 
example. 

'338 Gm. of impure KBr was found to take 21 Cc. of ^\ AgNOt: what per- 
centage of KBr did it contain ? 

*ai8 KBr woiUd require ao Cc y^ AgNO,. 
•J38KCI „ .. 3194 Cc. 1*8 AgNO, 

Theoretical diflereoce 1 1 -94 doe to KCl ; 

bat ia this case the practical diffcreaoe was 31 94 <- 21 = 10*94* 

Therefore — 10*94x100 . rv« . ..: • .. vm 

~~ = 91 "63 per oem. of KBr, Icavmg 8*37 KG, 

or at — ao = t. and 

■ ^ "^ = $ 37 per cent, of KG and 91 ^3 KBr, 

which IS Ai nearly correct a% can ht obtained ahthaetically. 

The following ublc shows the salts thus estimated, with the convenient 

Suantities to weigh out and weight of each salt equivalent to i Cc of 
ecinormal silver nitrate : — 

Accarvt* 



NuMMidforviaU. 


w««<h. 




30 


chloride NH.Cl 


. ao . 


Calcium bromide CaBr, 


. -as 


Lithium brumide LiHr 


V> 


PolaMiwn bromide KBr 


•50 


chloride KCl 


. 30 . . 


iodide KI . 


. 50 . . 


Sodium bromide NaBr 


y> 


„ chloride NaCl 


19s 


„ tudide Nml 


50 


Strontium bromide SrBr, 


v> 


,, iodide Sfl| . 


•30 


Zinc bromide /niU, 


30 


,, chlonde /nCI, 


30 


„ iodide /nly 


30 



009777 
005338 


'00910 


t»53$ 


tx»97a 
•ooteT? 


. ^1 


011879 


. X>119 


«>744 


^41 
t>l66 


016556 


'Oioa76 
005837 


. otot 


014953 


X>1$ 


oia34i 


. "oiaj 


t>i7oi8 


0170a 


*oita3i 


. til Its 


t)o679a 


. w6I 


015908 


x>i$9i 



kC) KitimatioB of HTdroeyaaio Add. 

Silver solution is also used for taking the strength of hydrocyanic 
which may be dune by two methud2» as follows : — 
(a) Half frtafttatwn frocess (B.P.). Weigh 54 Gm., add a dropof aolutioa 
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of tttmoSt and then a few drops of NaHO so as to cause strong alkalinity. 
Nov carefully drop in the silver solution from the burette, with constant 
agitattom until a faint permanent cloud of AgCN is produced. If, during the 
operation^ the litmus becomes red, more NaHO must be added to keep it 
blue. The following equations explain the reaction, when it is remembered 
that the double cyanide of silver and sodium formed in equation {b) is soluble 
m water, while the AgCN produced in (c) is insoluble ; therefore the formation 
of the slightest trace of a permanent precipitate indicates the completion of 
reaction (h) when exactly \ the total CN is in combination with the silver : — 

(41) aHCN + aNaHO = aNmCN -I- aH,0. 

(*) aNaCN -f AgNO, = AgCN . NaCN + NaNO,. 

(0 AgCN . NaCN + AgNO, = aAgCN + NaNU^ 
TWrdbrc- aHCN = AgNO.. 

So that tooo Cc. ^^ AgNO, are equiTalent to 54 Gm. of IICN. 

PMassium cvaniiU is done in the same way, using about *6 (rm., and 
AgNO, - aKCN. 

(b) Compute prfcipitat ion process (U.S. P.). Mix in a 100 Cc. flask '27 Gm. 
of hydrocyanic acid with sufficient water and MgO to make an opacjue mixture 
of about 10 Cc. Add 2 or 3 dro{>s of solution of potassium chromate, and 
titrate as directed for haloid salts. 'l*he equation l>eing 

IICN + AgNO, = AgCN + HNO„ 

each Cc. of silver used will represent 002698 HCN (or practically 0027) ; 
and seeing that 27 was taken, each Cc will equal 1 per cent. This process 
IS applied to crude acidum hydrocyanicum^ which is then diluted till it shows 
exactly 2 per cent, real HCN. In ordinary cases more substance should l)e 
taken for analysis, preferably from 1*35 Gm. up to 5*4 Gm. With correct 2 per 
cenL HCN, 1*35 Gm. takes 10 Cc. silver solution. The object of the MgO 
IS to remove the free HNOj as soon as formed. 

The following table shows convenient amounts to weigh, and the equivalent 
weighu for 1 Cc. of ^^ silver nitrate : — 

M.-.« ..^ f..»«Mi. Gm. to Accurate ApproximaU 

name uk] forvou. weigh. equivalent. equtvalent. 

Hydrocyanic actd (with chromate) HCN . • i'35 '002698 xxM? 

„ (with NaHO) HC.V • l'3S •«>S396 . -0054 

Potaumm cyanide (with NaHO) KCN . . -65 . '013002 '013 



▼. 8TAVDASD SOLVnOV OF SODIXm CHLO&IDB. 

Strength.' — Decinormai pj - 5*837 (5*84) Gm. per 1000 Cc. 

(A) PreparatioiL 

Ihaolvc 5*837 Gm. pnre NaCl in 900 Cc. of water, and when brought 
«»ctly to 15'^C. niake up 1000 Cc Each Cc. - •005837 Gm. real NaCl. 
^^ot lodtum chloride is made as above descril)ed (p. 115), or perfectly colorless 
^ transparent crystals of rock salt may be employed. 

(B) Vsaa. 

^or the estimation of silver in solutions of its salts, the titration being 
f^«^««d (with good stirring occasionally) until the last drop causes no 
"'"'^•er precipitate of AgCL Insoluble salts, such as AgfO, are dissolved 
U • «uAdency of dilute nitric acid, avoiding any great excess. I>ectnormal 
•J?^ can also be employed to check the strength of decinormai AgN(>i 
•^^^''^■Noii (whkh it should exactly equal Cc. to Cc), as more convenient than 
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weighing out NaCl cver>' time. The following table gives the equivalent for 
each Cc. of deci normal NaCl : — 

Name ud (brmuU. ^^.j,, equtviOent. ^^rM. 

Silver Ag . . . 27 . -010766 X)lo8 

Argentic nitrite .VgNO, . 54 *oi6955 X>I7 

,. oxMleAg^ *a3a -011564 x>ii6 

Argeoti nttras liilutui ixx> "016955 X>I7 

When the sitvtr soimtion is neutral^ it is often more accurate to add a 
known volume of decinormal NaCl, more than sufficient to preci|iitate all the 
silver, and then having added potassium chromate as indicator, to proceed 
by residual titration with decinormal AgNOi. The U.S. P. applies th» 
method to both diluted and fused silver nitrate, but it does the ordinary 
crystallized nitrate by direct titration as above explained. 



YI. RAVSASD SOLUnOV OF POTASSIVH TmOCTAVATB 

(SULPHOCTAnSB). 

Strength :— Decinormal ^^ = 9*699 (97) Gm, fer 1000 Cc. 

(.'/) Preparation and Cheek. 

Dissolve ic (tm. of potassium thiocyanate (sulphoryanidc) in 1000 Cr. of 

water. This solution is a little too strong, and must then lie standardized as 

follows:— Take in a flask 10 Cc. of decinormal silver nitrate, acidulate with 

5 Cc. of diluted nitric acid (1 in 7), and then add as indicator \ Cc. of 

a solution of ferric ammonium sul|)hate (10 per cent, strength). Now titrate 

with the crude thiocyanate solution by shaking constantly until a slight 

fiermanent reddish tint is produced. The thioc)*anate will flrst precipitate 

the silver as thioc)*anate, and, when that is finished, will strike the well-known 

reddish color of ferric thioc>'anate with the indicator. The red is always 

produced ifthen the solution is dropped in, but it disappears on shaking so 

long as any silver remains unprecipitated. Note the numlM:r of Cc of crude 

thiocyanate used, and make every 10 Cc. of that solution up to this number. 

'I*hus supposing that 10 Cc. decinormal silver nitrate took 10-5 Cc. crude 

sulphocyanate, and we had 980 Cc. left to make correct, then — 

105 X 980 _ 

^ - 1039 Cc. 

to ^ 

So that 980 Cc. made up with distilled water to 1039 Cc. will give true 
decinormal thioc)*anate, of which 50 Cc. should exactly lialance 50 Cc 
decinormal silver nitrate when tried again in a similar manner. Each Cc. 
of the perfected solution will then contain '09699 <'097) KCN.S. 

(B) Silimation of Silver in Aeid Mmtiou. 

This is done exactly as aliovc described, and may lie usefully applied to 
any compound of silver soluble in nitric acid. The cifuivalents for each 
(k\ are *oio766 (0108) Ag and 016955 (017) .\gNO|. 

kC) Silimation of Haloid SalU in Aeid Mitiena. 

This is an apfilication of residual titration, known as Volhard's method, 
and IS, in certain cases, a much iK'ttcr idea for the estinution of haloid 
salts than the direct method with the chromate indicator, because it may 
l>e used in the presence '>f nitric acid, thu<i enabling a chloride, brofiude» 
or iodide to be estimated in presence of a phosphate or other salt which 
preapiutes silver in a neutral solution. It depends opon entirely pn^ 
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the chloride in the presence of nitric acid by a known volume 
dednonnal silver nitrate, and then estimating the excess thereof, left 
anoombiiied with the chloride, by standard solution of ammonium thioc>'anate 
ifoiphoqranate), using solution of ferric ammonium sulphate for the indicator 
as above deKribed. The U.S.?. applies it to the estimation of the iodide 
in/erri wHdrnm uucharatum and in syr, ferri iodidL Of both these it takes 
I '55 Gm., disaohres in, or dilutes with, 20 or to Cc. of water respectively, 
and then adds %% Cc. or 11 Cc. respectively of decinormal stiver nitrate. 
To tliii 5 Cc. of diluted nitric acid and \ Cc. of ferric ammonium sulphate 
tolatkm having been added, the whole is titrated with decinormal KCNS as 
already described, and not more than 2 Cc. or i Cc. respecti\'ely should be 
tequimL Taking the case of the syrup, we have — 

D t da onatl lilver added . 1 1 Cc. • 

•, nlpboqranjite tmken . 1 Cc. 

Difference 10 Cc, due to the silver precipiuted as iodide. 

Then 10 X '015477 ('0155) « "155 real Felj present, or 10 per cent, of the 
1*55 symp staited with. Ferrous bromide and chloride may be similarly 
csumated: — 

V... ..^ r«.^»i. Accurate Approsinatc 

.^aa« aao lomoja. equivalent. equivakot. 

Fernms bcomide FeBr, . *oio77 0108 

„ dUohde FeCl, . . xx>633i . *oo63$ 

Vn. RAVSAKD SOLUnOV OF lODDTB. 

Sirengtk: — Dtcinarmal^^ — 12*635 ('*7) Om. per 1000 Cc, 

(A) Preparation and Check. 

Weigh out 12*635 (i2'7) Gm. of pure iodine, and place it in a liter flask 
vidi 18 Gm. of potassium iodide and about 200 Cc. of water, agitate till 
disoHrcd, make up to 1000 Cc. with water, and preserve in small stoppered 
bottles in a dark place. Each Cc. » 'o 12635 (0127) I. 

Pntaratiom of pure iodine. Heat powdered iodine in a flat porcelain dish 
OQ a boiling-water bath, with constant stirring, for 20 minutes. Hub it up 
a 1 glass mortar with 5 per cent, of its weight of pure potassium iodide, and 
Tvtam to the dish. Place a clean, dry funnel over the dish and heat on a 
nod bath, when the pure iodine will sublime and collect on the funnel, from 
vkidb It is detached, and kept in a well-stoppered bottle. 

ChailL To standardize the strength of the solution (if desired), test it 
H^^imt *2 Gm. (2 Decigm.) of pure AsjOt as hereafter descril)ed. 

(B) Bftimation of Araenionf Aeid. 

For arunious add, weigh out 1 Decigm. of the AssOs, and dissolve it 
^ boiling water by the aid of ten times its weight of NaHCOi. Ixrt it cool, 
^ some mucilage of starch, and titrate with the iodine solution until a faint 
pcnaaoent blue color is obtained. Then apply the equation : — 

al, + As,0, + $11^ = 2H,AsO« + 4HI. 

Each Cc. of 19 iodine used - *oo4942 (00495) ASfOt. 

^9 iiqu^ euidi arsifdosi Qi lit^uor potassii arseniiis use 24*7 Cc. and 2 Gm. 

(O Irtiiittlan of Snlphnrooi Add and Snlphitet. 

for luipkurous add weigh out 2 Gm. from a stoppered bottle, and dilute 
* ««k 25 Cc of water. Add starch mucilage, and run in the iodine solution 
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00969J 


^0097 


•005 «93 


oo$a 


OIJ579 


oij6 


004093 


xxHi 


00J195 


XOJM 



until the faintest possible permanent blue appears. Then apply the equation :~ 

It + Mfi + SO,. 11,0 = n^o^ + am : 

whereby each Cc. j*^ iodine used - '003195 (031) SO^ 

For sulphites dissolve in 25 Cc. of water and jiroceed as above. 

The following table shows the convenient amounts to weigh, and the 

equivalent for t Cc. /q iodine of the salts named : — 

PoUftMum uilphite }^;>i\ . 3ll,0 40$ 

Sortiani bisuJphite Naii^O, ... 26 . 

„ «alphitc NvSO,. 711,0 ... -63 . 
Sulphuniu« acHl II^SO, .200 

Sulphor dioiide iiii »ulphan>tt« acid) SO, a*oo 

{D) Bitimatioii of Aatinany PoUadiim Tartrate. 

This salt absorl>s iodine on a similar principle of indirect oxidation to that 
already shown for AsfOi. The reaction may be thus expressed : — 

KShOC.H.O. H,0+I,^4N*H<'0,+ H,0= KNaC,H,0,+aNaI-f NaSbO,+4CX),+4H/). 

Therefore each atom of iodine can oxidi/e \ of the molecular weight of the 
tartrate. In practise '331 Gm. of the salt is dissolved in 10 Cc. of water, 
and to this 20 Cc. of rold saturated solution of sodium bicarbonate is added, 
together with a little starch mucilage, and the whole is titrated with j^ iodine 
till a faint |xrrmanent blue is pro(lured. The numlier of Cc. of iodine used 
multiplied by '01656 ('0166) gives the amount of real tartrate present, which 
should Ih; 100 |)er cent. The NaHCOj is ad<lcd to convert the insoluble 
potassium bitartrate shown in the equation into <»oluble KNaC?«H«Ot, and to 
combine with the free antimonic and hydnodic acids also produced. 



▼m. RAVDAKD SOLUnOV OF SODIXW THI08ULPHATB r HTPO % 

Strenf^h ^^ - 24764 (24*8) Gm. JVa^StOj. s/ffO per 1000 Ce. 

{A) PreparatioB and Cheek. 

Dissfilve ;^o Gm. of cr)*sullized s<xlium thiosulphate (hypotulphtte) in 
sufficient water to make 1100 (>. at 15 C Put 10 Cc. of this '* crude hypo** 
into a flask, add a little starch mucilage, and titrate with decinormal iodine 
until a faint itermanent blue is obtained. Note the number of Cc. of iodine 
used, and make ever>' 10 Cx. of the ** crude hy|>o " up to this bulk with 
distilled water. Suppose, for example. 10 Cc. of '' crude hypo " took io*S Cc 
^*ii iodine, and we had 1080 Cc. of the crude vilution left, then — 

1080 X loS ^ ,. f . ^ .. w .. 

= 1 166-4 I c. (if corrrcl ^^ " hypo. ' 

50 Cc. of tho tiniithed solution must fie again titrateil, and must take 50 Cc 
of i^g iodine. It must Im: kept in dark amlxrr colored bottles and carcftiOjr 
pnuet'ted from tlust. blarh C**. will rontain '024764 (-0248) real 
Na^S,C)|.sll,(>. 

IVnnormil "h>{)o" ileteriorates rapidly, even under the most favotabic 
circumstances, an«i must therefore l>e che<:ked against |\ iodine each daj it 
IS used, and any defincncy found allowed for in the calculations^ Thus, 
sup|)ose wc checked our ** hypo " as alxn-e explained, and found that ao Cc. 
of It only took 19 Cc. of iodine, and then we used the sane ''hTpo** in 
analyse which absorl>ed 40 Cc, we would correct thus :- - 

"* ^ ^ 3 3g Cc r«U ^^ **hypo •ctwaiyafaMrtMd; 
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aad then 3S x Cc equivalent of substance analyzed gives the amount 
thereof present 

PiactiGal analjfsts, knowing that they must always check in any case, 
iKmys utrate with the " crude hypo/' and do not trouble to make it exactly 
!%• preferring simply to make a calculated correction on every analysis, as 
indicated by the check for the day previously done against /^ iodine. 

Solution of sodium thiosulphate is used as follows : — 

(B) Bstimation of Free lodiiie. 

Ey weighing out '32 Gm., dissolving in a little water by the aid of 1 Gm. 
potaniam iodide, and then running in *' hypo " till the color is reduced to 
ihtt of a pale sherry ; lastly, adding starch mucilage, and going on till the 
bine produced by the starch is just bleached Then by the equation, 

3(Na,S/>,. sHyO) -f If = aNal + Na,S,0, + loH.O. 
tfa evident that each Cc. ^V ''hypo'' « 012653 (0127) iodine. 

(C) BftimatiOB of Free Chlorine or Bromine. 

For cklorim water, 

Weigh 177 Gm. from a stoppered bottle, pouring it directly into a fla.sk 
CQQiaining 2 Cam. of potassium iodide previously dissolved in 50 Cc. of water, 
lad then titrate with " hypo " as already described under (B), 

The CI first liberates an equivalent quantity of iodine from the KI, and 
the ** hypo ** then acts upon the Is so set free, thus : — 

CI, + 2KI = 2KCI -f I,. 
2(NaAO,.5H,0) + 1, = 2NaI + Na,S,0« + ioH,0. 

Therefore each Cc ^'*iy " hypo " - '003537 (-00355) chlorine. 

On the same principle we would titrate bromine water, but in that 
each Cc. I'V "hypo " would - 007976 (008) bromine. 



(D) iBtiBation of ATnilable Chlorine. 

For cklortnated lime and its solution. 

^'€>gh 354 (Jm. of the solid or 5 Gm. of the Hifuor, Triturate the 
^ieighed solid with 50 Cc water, and wash the whole carefully into a flask. 
Then add 8 Gm. of K I and 5 Cc. diluted HCl. Lastly, titrate with " hypo," 
addmg starch mucilage towards the end of the titration as already described 
QBder {B), Then by the equations, 

(*) CaOCl, -f 2IICI = CaCI, + H,0 + Cl„ 

(^) CL + 2KI = aKCl + I„ 

{€) 2(NVSO,.5H,0) 4- It = 2NaI + NJ^S,0, + ioH,0. 

•e come to the result already shown for chlorine water — namely, that 

2(NvS,0, . 5H,0) = I, = CV 
TVfdbre each Cc. ^^ "hypo" - 003537 (00355) Gm. '' availahie chlorine*' 
"> ^ chkxinaied compoundls. 

Lip§or soda chiorinata, 

t*ie 67 Gm., and proceed as for chlorinated lime. The action and 
^'taihiions are the same, only differing in the first equation, which is :— 

Nft/X:i, -f 2HCI = 2NaCl + H/) + CV 

(E) iBtiBation of Iron in Ferrie SnlU. 

^"hen excess of potassium iodide is added to a ferric salt in solution in the 
P'**wnje of hydrochloric acid, and the whole is digested at 40"' C. in a closely 
■**Pef«d bottle for half an hour, the iron in the ferric salt is reduced to the 
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ferroui state, and an equivalent quantity of iodine ti liberated. Thus, taking 
ferric chloride, wc would have : — 

Kc.Cl. + aKI = aFcn, + aKCI + \r 

Therefore each atom of iron so reduced li))erates i atom of iodine, and then 
the iodine so liberated is titrated with ,"0 *' hypo " ; and thus we sec — 

NVV>. SHfO = I, - Fe^ 

And so each (x. of ^^^ ** hy|>o " ■-■ 005588 ('0056) iron in the ferric salt under 
analysis. 

In practise we weigh '56 ( mi. of a solid ferric salt, or 1 * 1 2 (iin. of a ferric iufm^r^ 
put it into a stoppered lx>ttle of al)out 100 (c. capacity, dissolve in or dilute 
with 15 (x. of water, add 2 (.*c of hydrochloric acid and t («in. of potassium 
iodide, and quickly cl(i>e the bottle. The whole is then pbced in a basin of 
water heated to 40' (*. (104 F.), and maintained at that temperature for half 
and hour. At the expiraticm of that time the lx>ttlc and contents are cooled 
to 15*^ ('., and starch mucilafie having l)een added, the contents arc titrated 
in the lx)ttle with ^^ "hypo.* The number of C.c. of "hypo** used (after 
correction for check if necessary) are then multiplied l>y the C?c. equivalent 
of iron as al>ove given. The pomt of the process is to get no loss oif iodine 
vapour during the heating, and yet to tike care that the liottlc does not 
bupit by the expansion of the contained air l)y the heat. When '56 Om. xd a 
ferric salt is taken, each ( c, of j^^ ** hypo ** used - 1 per cent oif iron ; but 
when 1*12 (>m. of a liquor is started with, then each Cc « '5 per cent, of inm. 

n. RASDABD SOLVnOV OF bbomhi. 

Strength : ^'^ =s 7 '976 (8*000) Gm. per 1000 Cc. 

(A) Prepantioii and Chaek. 

As it is impossible to keep an actual solution of bromine, we make and 
keep a mixed one of a bromide and bromate in such proportion that when 
acidulated with a fixed quantity of acid (5 C*c. HCl) shall give a definite 
amount of free brum me by the equation — 

SKIir + KlJrO, -I- 6HCI ^ 6lva + Sl**, + jHfO. 

To do this we follow the procedure of the U.S. I*, as follows : — 

Dissolve 3 (im. of sodium brumate and 50 Gm. of sodium bromide (or 
3*2 (am. of |>otassium bromate and 50 (im. of [>oLassium bromide) in enough 
water to make, at or near 15 C. 900 Cc. Of thi^ solution transfer ao C^, 
by means of a pt[K'ttc, into a iMjttlc having a rapacity of about 250 Cc., 
provided with a glasn stopper ; add 75 C\-. (»f water, next 5 Cc. of pure hydro- 
chloric acid, and immediately insert the stop|)er. Shake the bottle a fcv 
times, then remove the stop{H:r just suliticicntly to f|uickly introduce 5 Cc 
20 per cent, solution of potavsium HKlidc. taking rare that no Ijromine vapor 
e^ca|K!, and immedutely stop|»cr the lx»t:Ie. .\giute the liottJe thoroughlyt 
remove the stop|>er and rinse it and the neck of the )K>ttle with a little water 
so that the w.i&hings tl«>w into the liottle, ami then add from a burcnc 
1^0 sodium hyiKAuiphite until the Knline tint is exactly discharged* using 
ti^wards the end a few ilrop^ of start h indir.itor. Note the numucr xd Cc 
of the sodium hy{K>sulphite thus consumed, and then dilute the bromine 
s4ilution so that equal volumes of it ami cf j'V, sixlium hyposulphite will exactly 
curre«{>ond to each other under the conditions mentioned alK>ve. 

t\%Mrii:. .\wuinini; thji: The jo(\. <f the t'ruminr w.lu(ion hA\e rr«|Qiml 25 J Cc of 
:h« h«c« «ut{ h::r to C\>m{^ctc!v r!t«<.har^r xYkc i-{:ne !int, the btumiac >ul«tw BMI be 
«h!u:ci in the )'ii>)^rrtKin of 2u tu 25 j. Thu», li ^50 Cc. uf it arr rrmaiaing, tbcy mm/i bt 
tliluicii with water tu BKm*iifc 1071 Cc 
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After the solution is thus diluted, a new trial should be made in the 
TMiwifT above described, in which 35 Cc of the ^^q sodium hyposulphite 
%hoiild exactly discharge the tint of the iodine liberated by the bromine set 
free fron the 25 Cc of bromine solution. 

Keep the aolution in dark amber-colored glass-stoppered botdcs. 

(B) Brtimatloii of CSarbolie Aoid (Fhend). 

Tbe bromine solution is added in fixed excess, more than sufficient to 
coBYtft all the phenol into insoluble tribromopheBOl— C^cHsBrs. OH— and 
the bromine remaining undecomposcd is titrated with KI, starch, and ^^ 
* bypo • as above described. The numl)er of Cc of " hypo " used having 
been deducted from the Cc of ^V bromine started with, the difference 
V ^001563 ss read phenol present in the amount of sample weighed out for 
The following example is taken from the U.S.I'. : — 

of CSarbolie Aoid. Dissolve 1*563 Gm. of the carbolic acid to 
be tahied in a sufficient quantity of water to make 1000 Cc. Transfer 25 Cc. 
dL this solution (containing 0*039 ^"^* ^^ ^^ acid) to a glass-stoppered bottle 
a capacity of about 200 Cc, add 30 Cc of ^^ bromine (which is 5 (x. 
ihan would be required if the carbolic acid in the solution were absolute 
phenol, the excess being added to promote the formation and separation of 
Tibromophenol), then 5 Cc of hydrochloric acid, and immediately insert the 
ttoppcr. Shake the bottle repeatedly in the course of half an hour, then 
remove the stopper just sufficiently to introduce quickly 5 Cc of a 20 per cent. 
>queous solution of potassium iodide, being careful that no bromine vapor 
escape, and immediately stopper the bottle. Shake the latter thoroughly, 
rtsiove the stopper and rinse it and the neck of the l>ottlc with a little water 
«o that the washings may flow into the bottle, and then add from a burette 
\ sodium hyposulphite until the iodine tint is exactly discharged, using 
sosards the end a few drops of starch indicator. Note the number of Cc. of 
\% sodium h3rposulphite consumed. Deduct this from 30 (the number of Cc. 
of bfonuie originally added), and multiply the remainder by 4. The product 
vul, approximately, represent the percenuge of absolute phenol in the car- 
bohc acid tested. For accurate work the remainder is multiplied by 001563, 
u)d the result calculated to percentage on the '039 Gm. of acid taken. 



X AVALT8I8 BT JSOXSt OZIDAnOV. 

(A) Oenarml Prineiples. 

Tbe two chief direct oxidizers employed in analysis are potassium per- 
^nganate and potassium bichromate, both of which part with oxygen in 
?»tiaice of sulphuric acid, but in diflerent proportions. These actions are 
^cprcKnted by the following e(|uations : — 

With HfkfwmmSi. K,Cr,0, + 4H,SO, = K/JO. -f Cr/.SO.\ + 4",<> + O, ; 

'^•tfare each moUtular wtight of bichromate gives thrtt atomic tvfi^hts of 

'^bcftCoit each molecular wtigkt of permanganate gives fix^ atomic weights of 

behave already seen that the theoretical N solution of hydro^en is i (im. 
P^ 1000 Cc.9 or '001 in each Cc. ; and looking to the formula of the simplest 
^^^^pound of H and O, namely water, we notice that 1 atom O combines 
*^ > aUMDt H. It therefore follows that i Gm. of H would combine with 
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15*96 (16) H- 2 s= 798 (8) (;in. of O. A tkeoretual N solution of O would 
thus l)e 7*98 (8) (;in. per 1000 Cc, and a ^^ solution would be 798 ('8) Ckn. 
C) per 1000 Cc, and would contain 000798 <'ooo8) oxygen in each Cc. In 
oxidation analysis, therefore, a \\f solution 0/ any oxidant is that weight in Gm. 
per 1000 0. which will jfiw off 798 ('8) Gm. oxygen under the amditions in 
xvhieh it is used. 

Thus taking bichromate we have 

K,Cr,( u — 393 78 -r 6 = 4*896 Gm. per 1000 as a ^^ osidant ; 
and for f^rmanganate we have 

K,Mii,0« = 31 5*34 — 10 = 3 15340111. per 1000 as a ^^ osidaaL 

F^ch (*c. of either of these solutions will give '000798 ('0008) ftTailmble 
oxygen, and will therefore produce exactly the same effect in the anal3rBis of 
anything readily oxidized 

Oxidants are never employed in stronger solution than 19, and frequently 
for delicate work they are made ccntinormal (199). 

There are almr>st unlimited cases in which such solutions may be applied 
to the various iKxiies capable of undergomg a definite change by oudation, 
but the most (X)mmon applications are : — 

(1) For the estimation of fernms salts. If we look at the simplest equatioo 
for the transferenrc of iron from the ferrous to the ferric suie, we find 

aFe<J+() = Fe,0^ 

5k> we obser\"c that i atomic weight of O can oxidiie 2 atomic weighu of Fe, 

or that o 

^798 (8) = Fe 55 88 (56); 

therefore each Cc. of ^^ oxidant s= '005588 ('0056) metidlic iron or 

molecular weight , , , ^ . ■ . ■ 

of any ferrous salt contammg 1 atom of iron m iti noie* 

10,000 ' ** 

cule. Kither of the oxidants may lie employed for the estimation of 
ferrous salts. 

Take, for exaniple, crystalliud ferrous sulphate. We hive the equations : — 

With ^ukr^maU. 

K,Cr.« ). + 6KcS« ), 7H,o + 711^^0, = 3^V^^>.». + ^O, + Cr^SOJ^ + 49H,0. 

I^Mn.i K + loFrS« ), . 7II < > + 8H^S« ), = sKc^S< ),), 4- K/iO, + allftSO, + 78H^. 

In certain ferrous salts, si:rh as phosphate or arseniate, the molecules of 
which contain Fci. it is c\'ident that frr>m the equation 

K,Cr,0,+jFe^A»0,\,-»-7H^s«>.=:Fe,SO,),+2F<JA*0,>,-»-K^SO,+Cr,<SOJ,+7H/> 

t- ^ ^ V J ij t niolecular weight x t _ . , 

each Cc. of A oxidant would equal - of such sak. 

''* ' 10,000 

Such salts are included in the B.P., but not m the U.S. P. 

Ilie following table gives the equivalents of 1 Cc. of either oxidant for 

some of the more im|>ortant ferrous salts : 



mrifh. 

Iron (in (rmiu^ ^It%) Fe ...... . 005581^ 

,, «m retluLol trun) Fc . 056 005588 

FcrTiHi% carlji>nAie hn ferr: carU «Acch. 1 Fr( o, . 1 if> oil $73 

%u!pha!c iCTYtt J FcNii^. 7II.1 1 . I v# "0*774* 

Anh)r«lrtiuft heM), . 70 . -015170 

• •Inci r S r.t jFc<0, + 311,1 I. Sg^ . OI7S64 

phi*|ha!c III'. Fc,, I'o.i, SH.O 83^, . t>lCr7jJ 

anrniA^c K I' tc.i.Vn^., 744 "014867 

(}) /'>r the estimation of oxalic acid and oxalates. The followiag 



•« 



^0116 



^ot€7 
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that to oxidiie oxalic acid or an oxalate requires i atomic weight of 
ua y gm for each molecule of oxalate :~ 

H,C,0..aH,0 + O = aCO, + jH^O ; 



H ^^lA^^. «:ii 1 H|C|04^2H|0 



each Cc, of a f^^ oxidant will equal -^-^ or '006185 (*o^3) 

cqaiialcm to each Cc The only oxidant employed in this case is per- 



(3) F^ ike €Siimaium of hydrogen dioxide and peroxides. By the equations 

H/>, + 0=rH,0 + 0^ 

t ii evident that i atomic weight of O acts with i molecular weight of the 

pooikle ; therefore 1 Cc A oxidant = — , the only oxidant 

■^ » »'» 20,000 ' ^ 

in this case being permanganate. The following are the equivalents : — 

NMM ud formula. equJvmlem. eqnivmUot. 

Hydrofco dknide (in lolatioo) H,0| xx>i696 . . xx>i7 

dioxide BaO, '00S441 . . 'oo&is 



(4) Apt the estimation cf hypofhosphorous acid and hypopkosphitts. The 



HPH^O, + O, = HPO, + H,0 

that each molecular weight of hypophosphorous acid requires 2 atomic 

_,. , . ^ . ^ V . . molecular weight _. 
weights of oxygen ; therefore each Cc. ^^ oxidant ^— . The 

«Bly oxidant used in this case is permanganate, and the following uble gives 
ihc ooal information : — 



Hypopbosphonms add HPH^O, . 
«-«^— » hypophotphile NaPH.O, 

KPHLO, . 

omphAl 

Fe^Prf/>,T, 



ti 



Gm. to 


Accurate 


A|>|M-osiiiutc 


weigh. 


equivakfit. 


equivalent. 


• 5 • 


. xx>l647 . 


. -00165 


. 1 . 


tx>2646 


0026$ 


•| . 


*ooa$98 . 


. -0026 


. •! . 


. X)0iaiao9 . 


. -00213 


. I . 


. -0020877 . 


. tX»09 


lensfrom 


haloid salts. 


The equation 



2KI + O + H,0 ^ 2ICHO -h I, 

thovs that each atomic weight of nascent oxygen can liberate 2 atomic 
•c^hts d" a halogen from its salts ; therefore each Cc of ^^ oxidant can 

Wwite ^ of the halogen. Thus each Cc. of ^^ permanganate is 

«qoinlent to 003537 (00355) CI, 007976 (008) Br, or -012653 (0127) I. 

The bberated halogen is then estimated by means of ^^ sodium thio- 
•^Mttte (** hypo ") as ah»dy described. 

KB) Frtpaimtfam and Uaaa of Solutioii of Potaaiiiuii Ponnanganala. 

Strength: ,0 - 3**534 (3'«5) (^^' K^Mn^O^ in 1000 Cc, 

(1) PraiMumtioB and CSiaek. 

(<) Solution for immediate use. Dissolve 3*5 Gm. KtMn^On in 1000 Cc. 
<3^itccmly boiled and cooled distilled water. This is the crude solution, and 
'*<"t now be checked by placing 10 Cc. i^^ oxalic acid in a small flask, adding 
I Cc of pure strong sulphuric acid, and titrating this liquid while hot with the 
^^ solution (over a sheet of white paper) till a faint permanent pink is 
'****wd. Note the number of Cc of solution used, and dilute the rcnumder 
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of the crude solution with similarly treated water until 50 Cc. exaaly currt 
sjxjnd to $0 Cx. ^fi oxalic acid. 

Thus, if 10 Cc. ,"^11 oxalic took 9*2 ( c. crude permanganate, we would have 
^ao Cc. up to 1000 Cc, and then we would (after confirmation of 50 (x 
against 50 Cx. acid) have true ^q pernunganatc. This solution cannot be 
depended on unless just made, and if a solution is to In; made and stocketl 
more precautions must he taken. These precautions are so well explained in 
U.S.I*, that the directions therein ^'ivcn cannot lie improved, and they are a^ 
follows : — 

(A) Prtparation of ^\^ ptrmanj^anatt for itth'k. Place 3 '5 Gm. of pure, 
cr)'stallize<i {xXassium (lermanganatc in a llaNk, add 1000 C.V. of lioilin^ water, 
and boil until the crysuls are dissolved, dose the flask, and set it aside for 
two days, so that any sus|K*nded matters may dc|K)sit. This is the stritngtr 
solution. lVe(>arc another, weaker ^o/u/ion, in the same manner, using 6*6 Gm. 
of the salt and 2200 Cc. of water, and set thii also aside for two days. After 
the hipsc t)f this tunc. |K>ur oHT the < lear |K)rtion of eai h solution into separate 
vessels provided with };lxss stop|H;rs, and then pn >ceed to test each separately. 
Intro<)ure into a tla.sk 10 (x. uf ^^ oxalic acid, add 1 (x. of pure, concentrated 
sulpliurii: acid, and, lN.'fore this mixture cools, gradually add from a burette 
small t]uantities of the ueaker {lermanganate solution, shaking the flask after 
each addition and reducing the flow t<i dro|>s towards the end of the operation. 
When I lie last drop of the i>ermangaiute Mjlution added is no longer decolor- 
ized, hut imparts a pinkish tint to the liquid, note the numljer of Cc consumed. 
In the same manner ascertain the titer of the stronger solution, and hkewne 
note down the numlier of ( *c. of the latter consumed. Finally, mix the two 
solutions in such proportions that 50 Cc. of the mixture will exactly corre sp ond 
to an et^ual volume of -^f^ oxalic acid. 



AW/ - Tu oUain the accurate pru|ioitii4u f«ir mixirf* the two lolDtioQa, «iediic1 10 
the numlicr u( ( c of ihc weaker v*luti(>n tci]uirc«l t4» • lee i»ni pine toCc. of ,\ oulic mcuL With 
thi% difference inulii(ily the namlcr t>( Tc. of the »truncer ftuluiioa rct|Bii«d lor Cbc •■wr 
purpose. 'Ilie priMluct Utu»« the numl«r of Cc. uf the :ir§tt^fr taimtum needed lur the 



mikture. Next deduct the numlier i>f i c. of the ktrungei tulutmn rcvioircd lu dcooBDCMC 
to Cc. of i"^. i>«ahc acid frfun 10, ami with the difference multiply the number of Cc of the 
weaker ^lution re<|uircd for the same purpjbe. The pri«luct thuv^ the number ol Cc. cf 
the Uf.ii<* .wH.'i.'ff nec^lr! f'-r the miiture. 

Or, desisruting by S the numljer of Cc. of the stronger solution, and by 
\V the number of Cc. of the weaker solution required to decompose 10 Cc. of |\ 
oxalic acid, the following formula will give the proi)ortions m which the 
solutions must be mixed : — 

Stronger ^\'^\\ *Vi : Weaker t^jlutn^n : 
<W -- 10) -s + iio - >. \V 

KwMrLE -Awimint; that 9 Cc of the ttriioj^er (>) ami 10 5 «if the weaker (W) ■nlstaon 
had >iccti re^jujrcd, then. kul-«:itutin^ thc^c valuer in the alMJvegiven formaU« we obcaia : 

(10 5 — i'>' Q -f {io -t*»io-5, 
• T 4 5 • » f 10 5. 

making; 15 i'c of tiral %«ji.:!i')r.. 

The bulk of the two ^'iluiionH \< n<iw niiwd in the same proportion, 
450 (•- nf tlic ^iron^tr and 1050 Cc of the weaker, or t/oo Cc. %A the 
Ntron^ir and 2\zz Ci . kA the weaker s"luli'»n. 

.■\ftcr the mt\ti:re is thus pre;ured. a new trial should l>e made, when 
to C« . of lJ;e sulu:i' n ^h'luld cxa* tly detomjH»'»i: 10 (V. of ^^ oiabc 
If net'c>sary, a nc» .idjusimcnt ^himld lie made to render the corresi 
Ifcrfe*': 

lf::> ^i'!-:t:i>n ^r:••u!li in kept in stnail. ilark a mtM:r -colored and gliM- 
stop{iircd ix>ttics or in bottle<» provided «it:! tubes, esfxciaJly designed for 
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*Ji« purpose). Thus prepared, this solution will last for months; yet it 
tbonld be tested occasionally, and, when it is found reduced, the liquid 
should be brought back to normal strength by the addition of such an 
amount of the stronger solution as may be determined in the manner above 



{i) Siamdardization of crude per manga mate solution by a ferrous salt. Nfany 
penoQS prefer this method to that already given above with oxalic aciil. The 
uh caployed in ferrous ammonium sulphate^ FeS04.(NH4)tSO«. 6Hs() 
I * 59')* vhtch contains practically \ of its weight of metallic iron. The 
pvocesa is p erformed by weighing out 07 Om. of ammonio-ferrous sulphate 
\ • o'l C«m. real Fe), dissolving it in 100 Cc. of distilled water, acidulating 
«itfa 6 Cc of dilute sulphuric acid (i to 5), and then titrating with the 
pennaiiganate until a slight permanent pink is produced, not disappearing on 
ihaking. To see the color, a sheet of white paper should l)e placed under 
*Jie ftuk containing the iron solution, and, at the conclusion of the process, 
*Jie number of Cc. having been noted, the solution is diluted, on the usual 
pnodpleft, until it takes exactly 17*85 Cc. to oxidize 01 (fm. Fc. 

(S) Estimatioii of FexTOu Salts. 

Weigh out a proper amount of the ferrous salt, dissolve in 25 -50 Cc. water, 
scidulate with 6 Cc. diluted sulphuric acid (i to 5), place the flask over a 
tbeet of white paper, and titrate with ^^ permanganate till a faint permanent 
pok is produced. Note the number of Cc. used, and multiply by the Cc. 
cqunralent of the salt under analysis (see table, p. 1 24). 

(S) Bttimatloii of Oxalic Aoid and OxaUtai. 

This \% performed as already described under '* preparation and check " of 
permanganate solution (see p. 125). The great pomt is that the solution 
to be analysed should by sufficiently warm to give off visible steam. The 
r^valcnt of oxalic acid has been already given (see p. 125). 

(4) Bstimntion of HTdrogen or Barium Diozidea (Ferozidai). 

The principle of this estimation has been already explained and the 
equivalents given on p. 125. The following would \yt an example of the pro- 
cure, as illustrated by the U.S. P. directions for the estimation of l)ariuni 
OKwde, and solution of hydrogen and dioxide respectively : — 

(a) Barium dioxide. If 2*1 1 (im. of barium dioxide l)e dissolved, as com- 
rictdy as possible, in ice<old water to the volume of 25 Cc, with the aid of 
: 5 Cc. of phosphoric acid, and 5 Cc. of this solution (corresponding to 
*4" (tro. of the dioxide) lie measured off for assay, it should re<)uire not 
^« than 40 Cc. of ^^ potassium permanganate to mi[xirt to the liquid a 
r^fnunent pink tint, corresponding to not less than 80 i>er cent, of pure 
■*i«ra dioxide (each Cc. of the volumetric solution indicating 2 per cent, of 
•■s* Utter). 

K^\ Valuation if solution of hydrogen dioxide. Dilute 10 Cc. of the solution 
•^ water to make 100 Cc. Transfer 17 Cc. of this liquid (containing 
■ 7 Cc. of the solution) to a beaker, add 5 Cc. of diluted sulphuric acid, and 
*^ from a burette ^^ potassium permanganate, until the liquid just retains 
* tall pink tint after being stirred. Each Cc. of the ^^ potassium pcrman- 
?■*«€ curtcsponds to 00017 Cm. of absolute hydrogen dioxide. 

To express the strength of any solution of hydrogen dioxide approximately 
•"^t^airi if axwilable oxygen (that is, in volumes of oxygen, given off by one 
vQiume of the solution upon decomposition), multiply the numlK'r of Cc. of 
: I pcmungarute decolorized by 1 Cc. of the solution by 0*56(0*5594), or 
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those decolorized by 1*7 Cc of the solution by 0*33. [It is assumed that 
1000 ( c. of oxygen, at o^ C. (32 F.) and 760 Mm. pressure, weigh 1*43 Gm.] 
1 o express the strength in fiercemtage (by wfij^ki) of absduie hydrogen dioxide^ 
multiply the number of Cc. of y^ permanganate decolorized by 1 Cc. of it by 
01 7, or divide the number of Cc. of permanganate decolorized by 1*7 Cc. 
of it by 10. 

(5) Bttuiatloii of Hypophotphoroiii Add and Hypo pb oa pbi Ui. 

I'his is done by rtsidual titration. Excess of y^ permanganate \% added, 
and the number of Cc. remaining unreduced is found by means of oxalic 
acid. In practise 5 (tm. of the free acid is mixed with 7 Cx. HfSO« and 
35 ^^' 10 permanganate, and the whole having been boiled for 15 minutes, 
the excess of pemiangarute is titrated with ^^ oxalic acid till just colorless. 
If, now, 4*7 Cc. of oxalic acid be used, we have : — 

35 — 4*7 = 50 3 Cc ^"^ penmuigaiMic actiuUly reduced by tlic hypophutplMrcNM 
acid, Aod 30 3 X 00165 = t]49995, or practically t)5 s= ID per cent, ml acid. 

For hypofkoifhitfs wt: use the foUowmg quantities dissolved m 10 Cc 
water :— 

^, pcnMagsMM a4*ri. 
JOCc. 
40 •• 
40 •• 

SO ., 

'Ilie above are the methods of U.S.P., but British analysts preHer to 
ascertain the residtul permanganate by adding excess of KI, and then 
titrating the iodine Iil>erated by |« " hypo," when each Cc. of *' hypo " used 
•- I Cc. of residual permanganate, to be deducted from the volume in Cc 
originally added, and the differerKre and the hypophosphite *'Cc equivalent " 
•" the weight present. 

(C) Praparatioa and Utaa of Matim of PotaaiiiH Birtrwiaf 

Strength : ^\ « 4*^96 (4*9) Gm. K^Cr^Oj in 1000 Cc 

(1) Praparatioii. 

Dissolve 4'S96 (im. pure potassium bichromate in enough distilled water 
to make exactly 1000 Cc. at 15" (\ (59^ F.). 

AW/.— Pure K,C'ryO^ in addition to ordinary iratt, «hoiild (according to tbc U.SP.) 





T.kkra. 


H/iO.MkUd. 


Calcium hypopbuAphitc 
PoiaMium ,, 
SodiQin ,, 


•I 
I 
1 


10 Cc. 

. 7S .. 
7S .. 


Feme „ 


•I 


10 „ 



coofonn to the following tettt -In a Milution i>( o*( Gm. of thr lalt in 10 Cc of 
rendered acid by as Cc. <A nitric acid, no viuble change fthouM be pcodoccd eidher by 
bariom chloride (abacoce uf tmJfkaif) ur by ulver nitrate (auence of <kUr%d€\. In a life 
oC 10 Cc. of the aqueous K>lu(ion (I in so) with I Cc. of ammonia water, 00 p t w ifwiir 
ihould be produced by ammonium oxalate (abtence of tmidum), 

(S) Utaa. 

(u) For the fiti mitt ion 0/ ftrrtmi salts. \n appropnate quantity of the 
ferrous salt ls weighed and dissolvi-d m a fUsk in 50 C*c. of warm distdlcd 
water if soluble, or. if insolutile, dilute 11^S(>4 in added till the saXx disaol%«s. 
While this IS prdccoiifig a white |K)rccUin sUl) \s dotted over with dffO|» 
(from a ^la^s rudi of |K)t«i^!»tuin fcrncyanide indualor (see p. 106); the 
contents uf the tLi>ic arc ihvn actditicd with 10 (V. of dilute H|SO« (1 to 5K 
4nd titrated with the i^V, buhntiiute till a drop t;iken from the flask on the 
end tif a ^la^^ rud axid icui hetl on one of the s\k^\s of the indicator on 
the slab jUst ceases to give any blue, thu& showing that all the won haa 
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from the ferrous to the ferru state. The number of Cc ^^ 
used X the Cc equivalent of the salt under analysis (see uble, 
^ 114) fives the weight thereof present in the amount taken for analysis. 
The pfooen should ^ conducted rapidly to avoid spontaneous oxidation as 
fas » poisble. When applied to metallic iron or ferrum redactum^ the metal 
sfaould be dissdired in diluted HsSO« in a flask fitted with a cork, through 
which puses a narrow tube to admit the outward passage of the hydrogen 
c f oi w c d and to prevent ingress of air. With ferrous phosphate and sac- 
chanilcd ferrous carbonate, it is better to replace sulphuric acid by 
hydrochlonc add and phosphoric acid respectively. 

(>) Fmr alkalimetry. Solution of bichromate is sometimes employed to 
set the strength of vdumetric solutions of alkalies. In this case the strength 
s HOC based upon the oxygen evolved with acid, but upon the following 



KjCr.O, -f 2KHO = 2K,CrO, + H,0. 
\ molecular weight KsCriO? » 1 molecular weight of KHO, ix, 
K/:rA . «937« (294) ^ 2 = 146 89 (147) = 55*99 (5^) KHO. 

\ therefore, a decinormal bichromate solution would be made 
by dissolving 14*689 K|Cr|07 in water at 15° C. to 1000 Cc, and each Cc of 
neb solution would neutralize 0056 KHO or '004 NaHO. If, therefore, we 
•et 50 Cc of this alkalimetric ^^ bichromate against 50 Cc of alkali, the 
btttr will be correct ^^^ and any acid in turn set against that would also be 
If. The indicator used is phenol-phthalein, as in ordinary alkalimetry. This 
• a vcfj useful method of standardizing volumetric alkali when we are not 
absolutely certain of the purity of our oxalic acid. The alkali, however, 
csoDoc be made stronger than ^g, because 147 Gm. of K|Cr|07 would not 
<lBsohre in 1000 Cc. of water, and therefore it is no use for normal alkalies. 

(^ f^ equivalent liberation of halogens. The yf^ bichromate (as oxidant) 
can do the same work in this respect as the y^ permanganate, and on the 
ttine pnnciples. The process is done in presence of sulphuric acid, and 
the Uberated iodine is titrated with ^^ '* hypo." 
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(A) XiBQfiietiire and Check by the Ordinary Method. 

Thn solution is used for the estimation of sugars, and is made in two fxarts, 
sifoQows:— 

No, I. 
Take of 
Soiphate of copper ..... 346*4 grmint or 34*64 Gm. 
DiuiUcd wmter a Mifficiency. 

I)iMolve the sulphate of copper in a portion of the water, and dilute the 
•<*>tion with more of the water to the volume of 5000 grain -measures, or 
5«oCc. 

No. X 
Take of 
Caanicaoda .••••. i| ounce or 76*5 («m. 

TarUfated loda 4 ounces or 175*0 Gm. 

DuuUed wmtcr a sufficiency. 

^^iiiolve the caustic soda and tartarated soda in a portion of the water, 
^^ dUote the solution with more of the water to 5000 grain- measures, or 
5«oCc, 

^*hcQ rcqtiircd for use, mix equal volumes of the solutions Na 1 and 

9 
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No. 2. On heating the ht]uid in a tcsttul>e to boiling, it should remain 
perfectly clear. Each lo Cc. of this liquid will represent— > 

Cilucose x>$o Gm. 

MaltcMC .......... *Oo07 „ 

lactiMC '0678 ,, 

Invcrtcil one «u{^r *0475 •! 

Inverted tlarch X345 m 

To check I*'ehlm:;'s soItiti«m. wei^h out '475 i\vci, of pure sugar-candy and 
disMjIve it in 100 Cc. (»f water in a small flask ; add 3 drops of strong HCl. 
and lx)il briskly for ten minutes to invert the cane sugar mto glucose. I^et 
it cool, neutralize with KHO, and then make up exactly to 100 Cc. with 
distilled water. Place this lit ^u id in a burette arranged over a basin placed 
over the ^as, and containing 10 (-c. of Fehling's solution and 50 Cc of 
water. When the contents of the l>asin are l>oiling, run in the sugar solution 
until all blue color is destroyed. Then note the number of ( c. of «ugar 
solution use<i. and whatever that numlx-r may l>e. it will contain the eciui^alent 
in sugar of 10 Cc. of " Kehling." If the *' lehltng " be correct, 10 Cc of the 
standard sug.ir will l>e used to entirely pre< ipiiate it. 

It is usually necessary to do the estiiiuimn twice, first roughly and then 
accurately, using the second tmie drop of K«FeC«N« acidulated with acetic 
arid on a slab, as an indicator for the disappearance of the last trace of Cu 
from solution. 

.Another way of inverting a solution of cane sugar into glucose is to add one- 
tenth of its bulk of fuming liCl, heat gra«lually up to 6S C, and then cool. 
This is the iietter method when the solution is to l>e used for the polahscopic 
estimation of sugar (see Chapter XII.). 

(B) Waaqfiurtnre and Cheek by Pavy*! MethdL 

Cuprous oxide dissolves in ammonia, forming a colorless liquid. Taking 
advantage of this {)oint, Pai-y treats an ammoniacal cupric solution at a 
tailing tem|ierature with sufhi lent saccharine solution to exactly discharge 
the blue color. The advantage of this methrKl over that abo%x described 
lies simply in the fact that there is no bulky re<l precipitate to interfere with 
the ready obser\atr>n of the end rea«*tion. To prefare the test solution, 
dissolve 204 liiii. of Kochelle salt and the same weight of caustic potash 
in distilled water ; dissolvr separately 41 5S (;rn. of pure cufiric sulphate in 
more water with heat; add the cop;»er solution to that first prepared, and 
wlien culd add 303 Cc. of stron^; a:ntn'*!i].i. and distilled water to 1 liter. 
'1 he pn^t ess is condti« ted as f«»l!i>ws : 10 ( 'c. of the nmmoniated cu|>rio solution 
(- 0*005 (ini. of ^lucoM) are c!:lu:t.-d wi:h 33 Cc. of distilled water, and 
placed m a small flask. This is att.i< hcd by means of a cork to the no^jde of 
X burette, fitted with a ^lass sto^v o< k. and p:c\iou>ly tilled with the ucchanne 
Mjhitiwn previously diluted to a fi\t-i! b-alk. The < ork t»f the flask should be 
t raver Nil i by a small lient ti:!»e, ti» ;K:riiiit steam lo eM-aiie. Now heat the 
Ma^k until the blue Ii<{ui(i ).<>:is. 1 urn t'".e *•:>';>< i^k in order to allow the 
<i<-i h.irine s>>lutj>n to flow inti> I lie \vi\ Si\.\\vA\ whn h should be kept at the 
l»oiI:ngixjint a: the rate of al><n:t ics <:r y> jier rn:nutc (no! more nor much 
lesM, until the a/ure tin: is e\ai-t!\ •:> !...:.:(-i|. 1 hen stop the flow, and 
note tr-.e niirnlKr nf C<-. iiv,.-!. I:..: ..::-.<>un: of N.-iri hanne solution wUl 
contain c iii-.! ^r.i::.« of ..':• ise. 'l'> r'.-r.'iL-r tt.e determination as accurate 
a% '{M.s^i' i\ tr;e s<>!;::;'n I r ar..il>^.s ^.'.l>-.:!li iie diluteil to such an catctit 
that n<i: ie^i than 4 r.'>r i:.'ire than 7 i • . xt^ rei'.:ireil to dccoloriie the 

To find tiic total amount of su^ur, multiply 0005 by the original total 
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bulk (in Cc) kA the sugar solution started with, and divide the product by 
the number of Cc. of solution used from the burette. To observe easily 
the exKt end reaction, a piece of paper or other white body should be placed 
behmd the flask. Mr. Stokes uses the half of an ordinary opal gas glol>e 
in the proper position. If the operator objects to the escape of the 
ammoniacal fumes, they may be conducted by a suitable arrangement 
water or dilute acid. For a special apparatus for this purpose see the 
Am^st^ voL xii. 

(C) Estimation of Sugar. 

The sugar weighed must not exceed *5 Gm., and must be dissolved in 
too Cc kA water. If the sugar be either glucose or maltose or lactose, it is 
turned directly ; but if cane sugar, it is first inverted as above descril>cd. 
By ahrajs placing 10 Cc of " Fehling " in the basin, then v^hatever number 
of Ct. dL sugar solution we use, that number will contain the equivalent of 
to Cc, and we have only to calculate : — 

At Mo. of Cc tucd : Total volame of mi(^ solution : Equivalent of 10 Cc. " Fehling " of 
the mcar ia quetlioo : Real sugar present in the quantity weighed out for analyus. 

(Z>) Ertimation of Stareh. 

SimrA is weighed and boiled in a fksk with water containing dilute hydro- 
ciiloric acid, under an upright condenser, for some hours. It is then cooled, 
oentralued with potassium hydrate, diluted to a fixed volume (not stronger 
than I in 200), and then the solution so made is titrated into 10 Cc. of 
** Fcfalmg." A much improved process will be found in Chapter X. 
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« peilbrmed by means of a standard solution of uranic nitrate in the presence 
of lodnim acetate. The necessary solutions are : — 

I. Ilnadnrd iolution of onutio nitrate, made by dissolving 70 Gm. in 
900 Cc. of water, and then, after ascertaining its strength by performing an 
milftts of 50 C c. of the standard phosphate solution, diluting with water so 
that 50 Cc. will correspond exactly to 50 Cc. of that solution. If al>S4)lutely 
(ut uranic nitrate were obtainable, theory requires the solution of 71 ( im. 
n I liter of water to yield a solution which will balance the standard phos- 
pbte (each i Cc. - 01 Gm. of PjO*). 

t. kandard phosphate solution, made by dissolving 50 4 2 Gm. of perfectly 
pot dis'xiium hydrogen phosphate in i liter of water, when each 1 Cc. 
•ill equal 01 Gm. of PjOf. 

1- A STilution of 100 (jm. of sodium acetate and 100 Gm. of acetic acid in 
*>icr, and the whole diluted to 1 liter. 

4- Finely powdered potassium fcrrocyanide. 

To perform the process, the solution of the phosphate in about 50 Cc. of 
^^ II placed in a basin on the water bath, mixed with 5 Cc. of solution 
^ 3 (tudic acetate), and No. 1 (uranic nitrate) is run in from a burette, 
^*^ a drop taken from the liasin on to a white plate just gives a brown color, 
•'^ a little powdered ferrocyanide is cautiously drop|>ed into its center. The 
"■■fcttof Cc. of uranic solution used having been noted, the usual calculations 
*« to be applied. 

Afttf repeated trials upon 50 Cc. of the standard phosphate solution, so 
^^fWvoughly adjust the strength of the uranic solution, and at the same 
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time accustom the eye to obscn*e the exact moment of the appearance of the 
l>rown coloration, the process may Ik: practically applied to KaaiirM. 

The best method uf |>re|>aring the solution of the manure is to heat loCfm. 
to dull redness for 15 minutes and when cold to reduce it to a tine {Km-der 
in a mortar, and add gradually 10 Gm. of sulphuric acid diluted to 200 Cc. 
with water. Rinse the whole into a stoppered bottle, and make up with 
water to 1 liter. Shake up occasionally for an hour, and having then let 
all settle for three hours, draw off 100 (V. (« 1 lim. nianure) for aiudysis. 
To this add a little citric acid (10 drops of a cold saturated solution), 
followed by a slight excess of ammonium hydrate. Again acidify with acetic 
acid, adil 10 Cc. sodium acetate solution, and then use the uranic solution as 
usual. If all these quantities lie rigorously adhered to, each Cc. of uranic 
solution used can without further calculation be taken as indicating 1 per cent 
of tricalcium phosphate in the manure. 

This process is highly recommended by Mr. Sutton, of Norwich, and 
elal)orate details will be found in his work on Volumetric Analysis. 

Zm. RAHDASD 80LUTI0V OF BAKIUH CHLOBIDI. 

Xormal — lo.vSi Gm. /Vr 1000 Cc, 0/ BaCIy 

This is used for taking the amount of a soluble sulphate. In* adding it to a 
known weight of the sulphate dissolved in water acidulated with hydrochloric 
acid, until precipitation ceases. The }>rocess, however, is tedious, aiMl the 
end of the reaction is not sharp, and it is therefore rarely employed. Tbr 
following is a specimen of the reaction, using magnesium sulphate :-« 

MgS04. 7H,() + iJaCl, - baS()« + MgC!, + 7H,0. 

Kach Cc. of the standard solution e<iuals '03093 SOi or '04 791 SO4. 

The Solution is made by dissolving 103*82 iim. of pure Ijorium chloride dncd 
at 104'' C. in I liter of water. 

ZIY. 8TAVDASD HATER'S 80LUTI0H. 

Made by dissolving 13*546 (iin. of pure mercuric chloride and 49*8 Gm. 
of potassium iodide in water, and then making up to 1000 Cc. 

This solution is used for the estimation of alkaloids, which should be free 
from any mucilaginous matter an<l preferably dissolve<l in a little dilute 
sulphuric acid. The reagent is added till precipitation ceases and the 
eiiuivalent for each alkaloid should l»e practically rhe* ked by o|)eratinK 
a known weight of the pure alkali *id. and then n/trins ustnc the soiuh^m 
under exact i\ the same ionJit:oms tn future ama/vsis. In the author's hands 
the prorc*«s has not worked very well. e\<'ept for the amount of emetine tn 
iffia^uanha, which may lie rapidly avrrtained as follows >- 

15 i»m. of t)iecacuanh.i are treatetl «ith 15 ( c of dilute sulphuric acid. 
and sufficient aicoh<»l of So |K:r cent, added to make the whole hulk up 
to 150 Cc. The whole is allowed ti» stand ft»r 34 hours, and too Cc are 
dt-canted off for analysis. The liquid is evaftorated until all the alcohol it 
driven orT, and then briiu^ht under the burette containing the test sdtlUon, 
which IS run m until it < rases t<> i:tvc a |ire« ipitatc. The final pouit of the 
reaction is ascertaincti by n he ring ^rf a drop or two in a watch-glass placed 
on black |»|>cr, and adding a drop f»f the react nt, when, if rH> cloudinca 
a|<|>ears, the prei'ipi:.i::<>n "f the alkahnd is coinplc-tc. The num)»cr of Cc 
of the test used multiplied by oiH.) i:i\es the am »unt of alkaloid m 10 Gm. of 
the sample, which again multiplied by 10 gives percentage. 
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XT. AULTBI8 BT THE maOKETKR. 

(A) Ooneral Samarki. 

XYm omAjI instniment ii illustrated in Gg. 39. It consists of a measuring 
abe (a) graduated in Cc, having a runnel-shaped cup (c) connected to it 
t^ nans of the stopcock (d). This cock is a "three-way" one, and 
acconlit^ to the direction in which it is turned, it can nuke connection 
aad ditcnarge the contents of the cup either into the tube a or out in 
Ae wiste opening at e; or it can make, or quite shut off, all connection 
t uf g eu A and the outer air through e. Connected to a by a piece of 
imble indiarubber tube is the ungraduatcd control tube b. The object of 
the apponius is the rapid and accurate measurement, at definite temperature 
md pressure, of gases evolved during any reaction \ and it takes its name 
(roaa the foci that it was first used to measure the nitric 
osde given off by the decomposition of nitric acid. If we 
fill the instrument with a fluid (say mercury} right up to 
tbe tap. and having closed the tap d, we lower the tube b 
and admit a little air through e (by opening and again 
donng the tap), we will have a volume of gas in the 
Bcsfuring tube which we desire to measure under definite 
eonditions. Then (■) by allowing the instrument to stand 
■BOl its contents must have assumed the temperature of 
the room, a thermometer suspended to the stand will give 
the temperature of the gas. (2) By then raising or lowering 
tbe control iul>e (r), so that the level of the liquid both in 
■ and in the measuring tube is the same, it is evident that 
the pressure inside a is the same as in the room, and 
itfnetKe 10 a lutometer standing near will give that pres- 
nre. It now only remains to read off the volume of the Fii,*«. 

p* in the measuring tube, and having corrected it to N.T.P. (see page loi), 
la calculate its weight in Gm. from its volume in Cc, by multiplying the 
amber of Cc. of volume at N.T.P. by the weight of 1 Cc. of the (las in 
Gm. T^is latter is obtained by multiplying 0896 Gm. by An^the malt.ular 
■tight of the gav and then dividing by 1000. .Supixwe, for example, that 
"« hare obtained jo Cc. of nitric oxide at ij" C. and 750 Mm. barometer, 
»«1 "e Te<)uirc to know the weight of NO so giK, wc should say : — 



tJ 



'•> ;; 



■*'ii 



< 760 



= 18788 Cc, wtrected volume al N.T.P. 



U) 18-788 X iix>l344 = -0153 Gm., weicht of NO TouikL 
The various possible applications of this instrument are so numerous that 
nhauitive details would l>e inijiossible in the present work ; but the following 
■bcmld be practised as typical instances of its use : — 

iS) EitlBatica of the Stnngth of Spirit of Hitniu Sthar. 
Tht active principle of this drug is ethyl nitrite. Nitrites when mixed 
"A eacess of potassium iodide and acidulated with sulphuric acid cause 
* kbention of iodine, and evolve all their nitrogen in the form of nitric oxide, 



CH.XO, 
The practrsa 
•"tawo ot lodium chloride. 



H^O. - C.Ht. HO + KMSOi + I + NO. 
conducted. The nitrometer is filled with saturate<t 
hich, owing to its density, a strong spirit 



134 VOLUMETRIC QUAN7ITATIVE A XA LYSIS. 



will not readily mix : 5 Cc. of the sample to be tested is placed in the cup of 
the nitrometer, and the control tube having been lowered, the spirit i!» allowed 
to enter through the tap. taking care that no air gets in at the same time. 
5 (*c. of a strong silution of iKitassium icnlide is next allowed to enter, and 
this is in turn followed by 5 Cc. of dilute sulphuric acid. EfTer^'CSOtnce 
immedutely occurs, and if the tul)e be vigorously agitated at intervals, the 
reaction completes itself in 10 minutes. The level of the li«]uid in the control 
lube of the instrument is adjusted to C(]ual that in the measuring tube, and 
the volume of nitric oxide is read off and corrected to 15 C. For B.P. 
pur|x>ses it is, however. sutVicient to see that the resulting gas at 155" C. and 
760 Mm. has se\en tinie^ (or at all events not less than tive times) the volume 
of the spirit started with, but the U.S.I*, requires 55 Cc. of gas from 5 Cc. 
spirit at 15" C. The Itast trtwe of air allowed to enter with the Itcjuids vitiates 
the results fif the process, l)ecause the nitric oxide would he thereby con- 
verted into higher oxides of nitrogen. The gns produced should be tested 
for purity by seeing that it is entirely absorl)ed by ferrous sul|>hate solution. 

(C) EitimatioB of the Strenfth of Sodium Vitrilo. 

Weigh out 'I (>tn. of the salt, and dissolve it in the smallest possible 
quantity of water. Rinse this into the nitrometer cup, and proceed as in 
(/»*}. A proper sample should yield ^2'$ Cc. of gas, which should be entirely 
al)sorl>ed when a strong solution of ferrous sulphate is introduced. The 
U.S. P. takeii 15 Gm.» and requires 50 Cc. gas at 15 C. 



(/>) EitiaatioB of Hitrie Aeid in VitraUt. 

This deiiends on the fact that when a nitrate is shaken up with excess of 
sulphuric acid and mercury the following reaction takes place : — 

2KNC), + 4H..SO4 + 3Hg - 3"f:i^04 + K^SO^ -f 2NO + 4H,0— 

thus shoMm^' that each rn-']i-ri:]e of l!:e nitrate raiiicral gives oflf a molecule of 
NO. If any rhloruivs or <'ther liai":il salts l>e prtNcnt, they are first remoi^ 
by adding a slight rxcess c>f ar^en'ir sulphate to the solution and filtering. 
No ({uantity ai d nitrate exceeding 2 I)eci^'m. should lie used, oihcr- 
wi«e more ^'as may Ik: evolved than the instrument will con\*eniently hold. 
The nitrometer is ch.irgcd with inrrcury, and the nitrate solution, which 
shoLli! nut exceed 5 Cc, is put into the cup and {ussed therefrom into 
the ineaNurm*; \\\\k\ loli^wed by excess of strong sulphuric acid. The 
instrument i% well agita:t.d for s:>me time, and uhen action has ceased 
and the content% have co^^led c!o«n to the tem}><.-rature of the room, the 
level is adjustei! and the volume of NO read c'tY and calculated. All the 
precautior<% alr^.idy mt-nti'.med mu-^t Ik: observed. If any nitrites lie present, 
they affect the accuracy of the estimation, lK:ing a!Nodecum{H>sed to nitric utide. 

{E) Estimation of Soluble Garbonnto. 

It has l)een pr'<|i< sol t<> i:«e the ni!rc>meter for taking the strength of the 
medi«'inal skk\.\\ :i uf a:!iit;'nii:m carU naie in the spirit known as ifintms 
tttum> tiif ijr"/;.;.'j. fa>. A •:'.vcn vt:i:ii:e uf the *»pirit l^ placed in the cup and 
mtriHiui ed in'.<* tt.t- mtr- ::.t.!cr cr.ar^'ed with nu-ri ury. 1 his is fiillowed hy 
an exre^*' of dilute r;\dro« r.^'^ric a« id, and the c.irton di<Ai«le evolved liv ihip 
actu'n t>f the a<'i<i i:{M'r. the carUirutt* is nKasurct!. I hr {M:rcentage of 
amn.i>ntL:m carUinatt- nuy tr.cn lie cal« u'.a'.eil. ^r an i-ir.;>irKal cuni]unson of 
solume on the principle < f that aln-ads descnlied fiir spirit of nitrous ether 
mav l>e applied According to Mr. CraviU, the origirutor of the tcst« good 
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c cpirit of tromonia ihould give off seven times iu volume of c.irlwn 
tboside after allowing a coneciion for the slight solubility of the gas in the 
kjnid with which it is inclosed. 

(F) SrtbMttlOB of tlw Stnngrth of Bolstiou of HTdrogen Perozid*. 
Tin* depends upon the bet thsr, when hydrogen peroxide acts upon 
fMCaatiani permanganate, acidulated with sulphuric acid, oxygen is evolved. 
One half (rf this oxygen is due to the peroxide and the other to the pcrman- 
puaie. The nitrometer should be charged with concentrated solution of 
sodium solphate (the B.P. uses brine), and 1 Cc of the soluiion introduced 
from the cup, followed by 1 a Cc. of a mixture of t Cc. HjSOi, a Cc. of 5 per 
ceoL solution of KtMn,0| and 7 Cc. H,0- The contents of the measuring 
tube, after the reaction is complete, must remain colored violet, thus showing 
ifaal sufficient permanganate has been employed. B-P. solution of hydrogen 
penntde should, when thus treated, give not less than 18 and not more than 
as times its volume of oxygen. 

(G) Eadmatten of Vm la Uriae. 
This process depends on the fact that when urea is decomposed by an 
alkaline hypobromite or h>-pochtorite, it gives olf its nitrogen in the free stale, 
the following reaaion taking place ; — 

N,H«CO + jNaBrO - jNaBr + N, + CO, + jH,0. 
A snail flask is fitted with a tight cork, through which passes a funnel 
tube closed by a clamp and reaching to the bottom of the Ra-ik, and also 
1 bent deliwry tube just passing throujjh the cork. 5 Cc. of the urine is 
[iaced in this flask, and the nitrometer having been filled with water the flask 
>• attached to the tap of the nitrometer at the end e l^stt lig. 3<;, ju^e 1 33). 
w Cc of a solution of bromine in sodium hydrate solution is then pbccd 
i& (he funnel and allowed 10 run into the urine, and the clamp immediately 
(kiMd At the same moment the tap of (he nitrometer is so placed as to 
(stabUsh connection between E and the measuring tube. A little warm water 
B a buin is applied to the Aask to hasten the reaction, and when no more 
(u is evolved, the tap is closed, the temperature and pressure adjusted, and 
tbc volume read off as usual. Each Cc. of gas at N.T.P. repriaenis 0019 
Go. of urea present in the 5 Cc. of urine acted upon. 

^'ig. i9<f represents a very simple apjtaratus that can he improvised in a 
(bof) or dispensar)'. 5 Cc. of urine are placed in the test tube (a), and 10 Cc. 
^hypobromite solution (oT strong /(VHcr 
i^ ikUn-in,it.r will do as well) mto the 
tnitlc B. The bottle C is filled with 
■M«, and iu dilivvry tube is sus{>cndcd 
•^ 1 paduated Cc measure. When all 
■ tight the urine is caused to mix with 
(^ reagent by tipping up b, and the gas 
Pwlnccd passing mto c displaces water, 
■hxhlaiicrruru into the measure. The 
Wober of Cc. of water thus collected in "*" "^ 

^ BKasurc multiplied by 058 gives the percentage ot utea in the urine. It 
■> nanifcst that 1 fluid dram may be taken, and the measure UM:d may be an 
("Anary » 01, dispensing one (where unly Knglish weights and measures are 
^Udy), when cacti fluid dram of water in the measure at the finish will equal 
19 per cenL of urea. 
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ZVL COLO&DIXTEIO AVALT8It. 

Oenend lUnnarki. 

This is a varietv of \-c>)umetric analysis in which the amount of a subflance 
present in solution is ftiund by adding, to a given volume, a tixed quantity of 
a reagent and ol>st*rvini! the color produced. This color is then matched 
by adding, to an equal volume of distilled water, the same mixed quantity of 
reagent, and running in a volumetric solution of the pure substance until the 
same tint is produced. Kvidently when this point is reached the amount of 
substance prcst-nt in the solution under analysis ec)uals that in the Yoluinetric 
solution used for the comparative experiment. 'Fhe applications cominonly 
occurring of this method are : — 

(A) Eitimation of Ammonia by *« Haislariiiiig.* 

For this process the following solutions and apparatus are required:— 

(a) NesiUf^s solution. Dissolve 35 |)arts of potassium iodide in too 
furts of water. I)issf)lve 17 parts of mercuric chloride in 300 
I arts of water. The li(]uids may l)e heated to aid solution, tmt 
if so must l>e cooled. Add the latter solution to the former 
until a {permanent precipitate is prtxluced. Then dilute with a 
20 i>er cent, solution of sodium hydrate to tooo parts; add 
mercuric chloride solution until a permanent precipitate again 
forms : allow to stand till settled, and decant ofl* the clear 
solutioru The bulk should be kept in an accurately stoppered 
l)ottle, and a quantity transferred from time to time to a small 
lK>ttle for use. The solution improves by keeping. 

(^) Stiindard ammonia solution. IHssolvc 3*15 (im. pure ammonium 
chloride m 1000 O. of distilled water free from ammonia. 
For use, dilute 10 (Jc. of this solution to 1000 Cc. with ammonia 
free distilled water. Each Co. of the diluted solution will then 
contain 'oi Milli^m. of NHs <f-^- ooooi (fm). 

(<*) Tzvo narnKf lylmders of utlorUss j^lass, of perfectly equal height 
and diameter, holding alx>ut 70 Cc, and graduated at 50 Cc 
These should either have a milk glass foot or should stand 
upon a perfectly white paper. 

(J) A pifftte to deliver j Vc 

i^e) A quantity 0/ ammoniafrfe distilUd u*atrr. This is obtained by 
placing a liter of ordm.iry distilled water in a retort, attachinf 
a condenser and distilling until what passes over ceases to ^«e 
any color with " Nessler's solution." The remaining water in 
the retort is then cooled and Ixjttled for use. 

The liquid in which ammonia is to Ik* estimate<l ^usually a distillate obtained 
in water analysis) is first made up to a fixed bulk with ammonia-free distilled 
water, and the bulk n'>:<*tl. It must Ik* <^o diluted that it only gives a cfi^r 
and not a predfitatf with •* Nessler." 50 Cc. of this solution are placed in a 
cylinder, and 2 Ci . of *' Nes'^Ier " havinkj Ixren added by the pipette, and the 
whole stirred ^\\\\ .1 f^rft.tly dean r,>J, the color pro<Juce<l is observed A 
little eY(H:rience s'^m tcu hes the o{>crator to judj:e the prolabte amoant of 
ammontj solution ri-quired to prtxiure a similar tint. Let us suppose, for 
example, ih.it the color is !u«l^ed to l)e c<jual to 2 (V. of ammonia, then we 
proceed to < ^ntirm <>ur i.!< .1 2 Cc. of the sundjrd ammonu solution are run 
trom a burette into the other cylinder, ammonta-free water is added t0 5oCc, 
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then the 2 Cc of '* Nessler/' and the whole stirred with the dean rod. If 
now, after a few minutes, the colors match, we are correct ; but if not, then 
we most try again and again with more or less standard ammonia until we get 
an exact match between the colors in the two cylinders. This having l)ecn 
iltaififd, the calculation is very simple, and will be best explained by an 
example. Suppose that we start with a distillate containing ammonia and 
made up to 200 Cc, and that we employ 5 Cc. of standard ammonia solution 
m the comparison experiment, to match the color produced by " Nessler " in 
50 Cc ci such distillate. Then '5 Cc. x 'oi = 05, and 05 x 4 = 2 : there- 
fore the whole 200 Cc.of distillate contained '2 Milligm. of NH3. Beginners 
fhookl train their eyes by observing the colors produced by adding various 
qiuntities of standard ammonia to 50 Cc. of ammonia-free water, and then 
■ttiodu cing the " Nessler." yV ^^ ^ ^^- ^^ standard ammonia will produce 
a very (aint yellow, while larger amounts will increase the color to orange, 
and finally to deep orange-red. We should always wait 3 minutes before 
observing, as the full color does not appear under that time, and the tem- 
perature of the room should not be below 1 2^ C. 

(B) ErtimatloB of Hitritat in Water. 
See Water Analysis, Chapter X« 

(C) BitiBntlon of Minute Qnantitiee of Copper or Iron. 

This has often to be done in articles of food, such as preserved vegetables. 

.\ftcr having been burned, and the ash dissolved in an appropriate acid, a 

«olution is obtained, which is made up to a definite volume. 50 Cc. is treated 

with a fixed excess of ammonium hydrate in a '* Nessler *' glass. The same 

amount of ammonia is added to 50 Cc. of water in another glass, and a very 

weak standard solution of cupric sulphate is drop|)ed in from a burette until 

the ooiors match, and the amount of copper solution used is noted and 

dlcQlated. Small quantities of ferric iron may also be estimated in the same 

ny by the use of potassium fcrrocyanide in the presence of a fixed amount of 

Kxfailation with hydrochloric acid, and matching the color by a weak stan- 

(bid solution of ferric chloride. This is often useful in analyzing bread for 

tlie presence of alum, when we first weigh the precipitate of aluminium 

pbosphate containing some ferric phosphate, then dissolve it in HCl, find 

the amount of iron present in this manner, and deduct it, so saving a long 

Kiwition. 
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CHAPTER VIII. 

GRAVIMETRIC QUANTITATIVE ANALYSIS OF METALS 

AND ACIDS, 



DIVISION I. PRELIMINARY REMARKS. 

CiRAViMETKic quoniiutivc analysis is that method by which the substance to 
be estimated is convened into some chemically definite compound, weighed as 
such, and the amount of the original substance obtained from this weight by 
calculation. The same definite compound will answer both for the estimation 
of its metal and of its add. For example, if we precipitate a knowi) weight of 
argentic nitrate with hydrochloric acid we obtain insoluble argentic chlonde. 
which may be filtered out and weighed, and the amount (x) of Ag in the 
quantity started with calculated therefrom, because — 

ApCl : Ag :: weight of AgCl found : jr. 
142 3 : 107-11 :: ., ., „ : .r. 



If, on the other hand, we start with a known weight of hydrochloric 
precipitate it with argentic nitrate, and collect and weigh the argentic chloride 
formed, we can find the amount Kx) of real HCl actually present in quantity 
started with, because — 

Aj;Cl : HCl : : weight of AgCl found : x. 
142*3 : 3^»*t9 :: M m ., : X. 

Before giving individual processes for quantitative analysis, we muit fim 
say something about the usual manipulation involved, which will 
general directions, so saving continual repetition of details. 

(A) The Preparation of lilten. 

Ready-cut filters may l>e prii^ ured from the dealers in chemical 
The kind known as Swedisli is the he^t fur all cases where the prcopitaie il 
finely divtiiedor pulverulent. For gelatinous precipitates, such as feme hfdnie 
and calcium phopl.ate. the mhiie Kngiish c/r Cicrman filters work move 
rapidly ; but the) ^hould never i.e used, say, f<»r lorium sulphate, or ^^^^^"1^ 
oxalate, as thoM.- Udies would very likily pass through the pores of the fihcr, 
and so cause a loss in th.e afu.\»is. U ha:e\er }wi[>cr be employed, ibeiiaefor 
quantitative C'|)iratton& is, for :l.c larger sort su imhes m dumetcr, far tbe 
smaller, about two inches. The latter sue is used where we bsve to dori 
with tracts of precipitate only, or when a small quantity of fluid baa to be 
filtered. 'I he y^\^^ shouM \ii.ld nothing; to dilute acid», and if tbe aah 
one mtUi^r^miiie per Urge hlter it should he reduced by 
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loo cut filters for some hours in a basin filled with a mixture of one volume 
of HO and eight volumes of water. They must be then rtptatedly washed 
with distilled water till quite free from acidity, otherwise they woul i crumble 
to pieces when being folded. The washing is a very tedious operation indeed, 
and having been completed, the basin is put on to a water bath till the filters 
lit perfectly dry. 

(^ Ertimatioii of the Ash of Filters. 

This is most conveniently done by folding ten filters in a small compass, 
tvistmg a long platinum wire round the packet so as to form a cage, holding 
the free end in the hand and the paper over a previously weighed platinum 
cndble, while touching it with the flame of a Bunsen burner. The paper 
Soros and the ash drops into the crucible, while any particles of carbon which 
hate escaped combustion are quite consumed by exposing the crucible for 
some time to a red heat till the ash gets perfectly white. The crucible after 
cooling is reweighed, and its increase is the ash of ten filters. I )ivided by i o, 
«e m the ash of one filter ; and in every case where both filter and precipitate 
are bamed, the ash of the filter thus found must always be deducted from 
their total weight, and the difference is then the actual weight of the 
predpiute. Filter papers ready cut and freed, as far as possible, from mineral 
■atter by the action of hydrochloric and hydrofluoric acids can now be 
porchased. By the use of such papers the filter ash is so reduced that it need 
sot be considered, except in the most delicate investigations. 

(C) The CoUeotion and Washing of Precipitates. 

Hlien the precipitate has been fully formed and the supernatant fluid has 
become quite clear, the latter is poured on the filter (which is either previously 
tared or not, according to circumstances), care being taken not 
to daturb the precipitate. This is done by holding a glass rod 
in a perpendicular position over the filter, placing the lip of the 
beaker against it, and causing the liquid to flow steadily down 
the rod mto the filter. Wlien the latter is three-fourths full, the 
beaker is turned into an erect position and the rod drained 
>pmst the inside of the lip. and then laid across the top of the 
beaker until it is time to refill the filter. After thus |X)uring off 
tt much as practicable, the precipitate remaining in the l)eaker 
Q treated with water and well stirred. When the whole has once 
loore Kttled, the clear fluid is again passed through the filter. 
Tha operation ha\'ing been re|)eated three or four times, the ^^t- *>• 
ptcipttate is allowed to |>ass on to the filter, any |>articlcs which stick to 
^ udes of the beaker l^mg removed with a feather or a rod tipped with a 
*i>^ piece of black india-rublxrr tubing ; and the whole having been thus 
coUeaed, the washing is continued by means of a washing-lx^ulc (ti;^. 30), till 
^ precipitate is quite freed from its soluble impurities. For instance, in 
otittating sulphuric acid, the Ixirium sulphate is washed till the filtrate no 
'o^Scr gives a turbidity with argentic nitrate. 

Many bodies, as ferric and aluminic hydrate, most phosphates, barium sul- 
P^, and some of the carbonates, are best washed with boiling water. Others, 
^ the contrary, must be washed with cold water, while a few re<{uire washing 
^idiipecial mixtures-such as plumbic sulphate, for which we use cold water 
acidified with some HjS04 ; magnesium ammonium phosphate, for which cold 
^te ammonium hydrate \% used, etc 
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{D) Brriaf of Predpitatat. 

After the precipitate hu b«cn thuroughly washed and perfectly dniiiMl, the 
liinnel conUming it is looselv covered over with tilter paper and then put into 
the water gven or air ))aih till dr)'. Most precipitates arc dried at a temperature 
of loo'C. (iiJ^F.). i)ut some ofihcm require a heat of los'C. (iio"F.)hefore 
becoming constant in weight. Prolongfd and repeated drying is only necessvj 
when iht precipitate is wciphed on the filter, as described hclow. Fig. 51 
sho»-s > water oven for <io''"S s' 100° C. while fig. 31 shows an air bath fof 
drying at higher temperatures. This hath is fitted with an sppantm (called 
a ihcmiosiat) for automatically controlling the gai supply, and conietiaemly 
the temperature. 





{E) I^tiBff a>d Wai(Uaf Piadpitataa. 

Miny precipitates mutt first he ignited before they can be weighed. TUi 
is to drive off water, which they may still retain after drying at 100° C^ or id 
reduce them to a more definite condition. For instance, zinc b bett weighed 
as oxidf, and theteforc the precipitate, consisting of oxycarbonate, a fint 
ignited. Iron is precipitated as hydrate, but the composition of thai body ml 
being constant, it is ignited and so made into pure oxide Ixfore wei^ung. Aa 
soon, therefore, as the prc-cipit.ite apgicars dry, it is carefully detached (kmb 
the filter and i>ut into a prevmusly itinited and weighed crucible, the filler ia 
burned on the lid (which has iMcn weighed together with the cfucible>. tbe 
ash ii thrown into the crucible, and the latter covered with the bd. The 
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crurihio is now s;::.;i(trint by a [i j* t\is triangle, and gently ignited at in^ 

to prevent simrtir.^ if.ni the -.uiiili-n ev.lulion of steam or other g 

lid IS now uken 'iif, and the crucible inclineil a litde. so as to give a free • 

of air. The innitii>n is c-jntmuid for some minutes, and the crucible, h 

been .TfEain mvered with a lid, is allowed to cool in a desiccator aa* 

A desiccator is shown in tig. 33. and will )>e seen to c<>nsist of a | 
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whicfa is m vessel containing strong sulphuric add to keep the air under the 

shade always free from moisture. 
The heat of an ordinary Bunsen burner is generally sufficient for all pur- 
; but the conversion of calcium carbonate into oxide requires the aid of 
blowpipe; while argentic chloride must only be heated over a rose 
or spirit lamp until it just begins to fuse. The filters are, as already 
ibown, bunied separately, to prevent any reduction of the precipitate b>' the 
of the filter. 

ptecipitates are not ignited, but weighed on a previously tared filter, 
weighing the filter — for which purpose a weighing tube (fig. 34) is used, 
or the fitter is placed between two closely-fitting watch-glasses provided with a 
danp to hold them together — it must first be dried for fifteen minutes at 
100^ C After drying the precipitate, the filter is again placed in the tube or 
between the glasses and reweighed : the increase shows, of course, the weight 
ci the substance. It is well to re-placc the filter in the bath for, say, half an 
boor, and to weigh again. Should the weight be considerably less, it must be 
oQoe more put into the bath and reweighed. Another method of weighing 
precipitates on a filter is to prepare two filters of equal size, a and b. Cut off 
the bottom point of b, so that a will go inside it with its point projecting 
throu^ the opening. Now put b on the weight scale of the balance, and cut 
off minute slices from the top of a until the two are exactly counterbalanced. 
Place A inside e, and then, having put both in the funnel, collect the preci- 
pitate, wash and dry as usual, and cool under the desiccator. Lastly, detach 
B» and use it for a tare, putting it into the weight pan, and then the weights 
required to balance a and its contents will be the weight of the precipitate, 
because, both filters having been exposed to the same conditions, the tare is 
accurate. 

(F) Estimatioii of Moiftare. 

A watch-glass is exactly tared on the Ixilancc, and then a grammes of the 
nbstance (m powder, if possible) arc carefully weighed upK>n the glass, and 
the total weight noted. The glass, with contents, is then placed in the dr>'ing 
ofcn and heated therein for an hour, at the expiration of which it is removed 
% the desiccator, and, when cold, is weighed and the weight noted. It is 
<ba replaced in the oven for half-an-hour, and the coolmg and wirighing 
ifpetted. If the two weights do not agree within, say, 2 milligrammes, the 
pRxcss n repeated until two concordant weighings are obtaine<L The weight 
tfter di>'ing, deduaed from the total weight of glass -f substance started with, 
po the moisture, which figure multiplied by 50 gives percentage. 

(G) Brtimatioii of the Ash of Organic Bodies. 

This determination is luxessary in every analysis of a vegetable or animal 
^oUtuxrc. A pbtinum dish is heated to redness, cooled under the desiccator, 
^tigbcd, and the weight noted. A suitable quantity, say 5 to 10 grammes cif 
^ wb^ance, is weighed into the dish, which is then arranged on a triangle 
aipport over a Bunsen burner and heated to dull redness. If after fumes 
<^cuc the substaiKe is seen to have assumed a cokc-hke form, it is removed 
^001 the dish into a small, dry mortar, and having been carefully |x)wdcred, 
^ powder is replaced in the dish and maintained at a dull red heat until it 
^ oecDOie perfectly white, or at least until all carlx)n has lieen burned off. 
V the burning proves very tedious and the last traces of rarlK>n are very 
<^ftath to burn, the addition of a light sprinkhng of ammonium nitrate will 
OMe the process to complete itself more rapidly. The dish is now cooled 
*ader the desiccator and weighed, and the weight uf the empty dish having 
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I>een deducteil, the difference %\ye% the weight of the ash, which is then ol* 
culated to |Hrrrentagc. The heat should not lie allowed to rise to bright 
redmrss, because potassium and sodium chlorides, which are very common 
constituents of the ash, would \yc therchv volatilised to tome eitent and so 
lost. The estimation of ash soluble in water is frequently of great importance, 
as showing, when too low, that the article has been tampered with so ai to 
remove its active properties. For example, tea which has been used and 
redrie<l, or ginger, that has l>een employed to make ginger essence and then 
redned and sold would lx>th show great deficiency in this respect To 
ascertain the amount of soluble ash. the total ash '%% extracted with boiling 
distilled water, filtered, washed, and the filter and contents having been dried, 
are ignited and weighetl : lastly, this weight deducted from that of the total 
ash, gi^trs the soluble ash. 

(H ) Analytieal Faetort fiir Calmlating th« Satnlta of AnaijMt. 

To save the working out of a rulc-ofthree sum on the result of each 

analysis it is customary to employ factors. These are obtained by dividing 

the weight of the ret)uircd Ixxly by tho cqui\-alent weight of the body in 

the form in which it is |»recipitated. Thus, supposing we are estimating the 

amount of ar>>cntic nitrate present in a solution containing '6 gramme of the 

salt, and have precipitated and weighed the same in the form of argentic 

chloride, we have : — 

Molecular weight of AgNOj i^iR>V«) i .-^ i / . 

„ , • I., r % i-1 = I 1854, analytical factor. 

Kquivalent weight of AgCl 1423 

It now only remains to multiply this factor by the weight of the precipiut- 
to obtam the answer. I^t us further sup|Nisc that the weight of the prccipic 
tatc was 5 gramme, then i* 1854 x 5 = '59270 '»' AgNC>i present in the 

•6 gramme taken ; then '5*^17° J^-A^ = 98-79 fwr cent, real AgNOi present 
in the sample. 

DIVISION II. GRAVIMETRIC ESTIMATION OF METALS. 

I. E8TDIATI0H OF SHYER. 
{A) hM Argentie CUorid«. 

(Pnriise up'jn "5 gr.imme pure .\^NO, dissolved in 100 c.r. H|0.) 

SiUer IS innst « nnvenuntly wcighetl as c hlf^ricle. The silver solution to be 
ebtimalcl is a«idihol with nitric .irnl. and IndriKhlorir and is dropped u 
until nt» nn re pre* ipitate forms. It is best to ha\e the solution warm, and to 
stir till the M:i»irr.aunt li'iuid has p>X iKrrfeclly rlc-u. I he clear fluid is now 
iwured fff ir.r't:^h a filter, and the thloihie is washed by dccanUtion with 
U.ihn^ wauri.iiwaxs j-iunn.: the mashirK^ ihr..i:j:h the filter) till every trace 
«if acul j> rem. \tii. .m.l siifiscfjucnily ti.e uLnle precipitate i* brought upon 
the fiitir. I he t'.u-x an.l <..ntents j^xk then dried in the water own, and the 
ihlornie ira:.s!tr:t.l in!** a wiuhol \^jV e'.ain t n.- ible. and heated over a \om 
flame ii.: :l J >t 1 rv.iiurues I.. fuM-. 1 \x filter i^ burned on the cniciblebd, 
and the a^h tn./.-d ^\\\\ a lirop «'f j/i«,i rfsUt, the resulting chloride dried. 
the '.id pUievi • :». :he cTi:iiMe. and the nh^le neighed. ITie tare o f ^ the 
rniiib'.e. ihi and tilur ash \.,\\\x\^ UeP. detlucied. the lalance is AgO, ' 
tilt i^uar-tity «e:|;hcd uul l>r ana*.\»iv 
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(^AslbtaL 

(«) Im mr^mic ialts^ by isniting a weighed quantity of the salt in a tared 
cradble, and weighing the ash, which will consist of pure metallic 



ik) Im mlky$^ by tufeliaiiom^ as follows : The weighed alloy is wrapped in 
IcmI Ml, placed on a little cup or atpei made of bone ash, and heated to 
fafifiit redness in a muffle furnace. The lead oxidises and sinks into the 
cupel, carrying the impurities with it, and leaving a button of pure silver, 
«liicii is cooled and weighed. 



& BSTDCAnOV OF LBAD. 
{A) Ai PlamUo Ozid«. 

(Practise upon '5 gramme pure plumbic acetate.) 

Tlie solution containing the substance to be analysed is precipitated with 

ammoniam carbonate in the presence of a little ammonium hydrate. The 

pfcdpitated plumbic carbonate is then collected on a small filter, washed, and 

dned. The dry precipitate is removed as completely as possible from the 

tticr-paper, and introduced into a weighed porcelain crucible. The filter 

baling been burned on the lid, and its ash added to the contents of the 

enable, the whole is ignited, cooled, and weighed. By ignition the oxide 

» formed ; and after deducting the weight of the crucible and filter ash, the 

balance is PbO, from the quantity weighed out for analysis. Organic salts of 

y^ require simply to be ignited in a tared porcelain crucible, with free access 

of air. adding a sprinkling of ammonium nitrate (to prevent reduction to the 

SKtaliic state), and weighing the resulting PbO. 

iJB) As PlnmUo Chromate. 

(Practise upon '5 gramme of plumbic nitrate.) 

Ttit solution is mixed with excess of sodium acetate and precipitated with 
potassium chromate. 'Ilie precipitate is collected, washed with water acidu- 
istcd with acetic acid, dried, and ignited in a platinum crucible with the usual 
pfvautions. The filler is burned on the lid, treated with a drop or two of 
ittic acid, dried, and again ignited. The crucible and contents arc weighcil, 
*ad the tare of the crucible having ))een deducted, the balance is PbCr04, 
^ the quantity weighed out for anal)*sis. 

Uad may also l)e precipitated as pLsOi, washed with cold and \'cry dilutf 
**^uhc acid, dried, ignited, and weighed as such. 



S. BSTIMAnOH OF XEECXIBT. 
(A) As MataL 

^^^ictiieopon i gramme of " white precipiute,*' which should yield 775'! Hg) 

Take a combustion tube of hard glass, closed at one end, and |nit in : (i) a 
'*fe nagnesite — MgCO| ; (a) the weighed quantity of the mercury salt, mixed 
*^ ncess of quickhme ; (3) a few inches of quicklime ; (4) a loose plug of 
'■^CAos. Draw out the open end of the tul)e Ijefore the hlowpi{K! and Ix^nd 
^ <fe*n at a right angle. Give the tube a up or two on the uble to insure 



144 GRA VIMETRIC ANALYSIS OF METALS. 



a fre« passage along the upper part for gases, and place it in a combustion 
furnace, with its open end dipping under the surface of some water in a small 
flask. Apply heat to the front part of the tube, and go gradually backwards 
until the whole vk heated to redness and the CO|, given off by the MgCO^ 
has swept all the mercury \'apour out of ihe tube, 'llie mercury collects as a 
glo^Hilc under the water m the basin, and is transferred to a tared watch -glaaii 
pt-rfecdy dried by pressure with bloiting-paper, and weighed. A ftimilar 
globule may be obcamed by prolonged boiling of the mercury salt with eaoem 
of stannous chloride strongly acidulated with HCl, the flask used being 
connected to an upright condenser to save fumes. 

{,B) As ■arenrie 8«lpfaidA. 

(PractLsc upon *5 gramme of mercuric chloride.) 

Through the solution of the mercuric salt the current of HsS is passed till 
the liquid is saturated. The precipitate is collected on a weighed biter, 
washed flrst with water, then with al>solute alcohol, and finally, to remove 
any free sulphur, with a mixture of equal parts of ether and carbon disulphide. 
After dr>'ing at loo^ C. and weighing, the babnce, after deducting the tare 
of the filter, is ligS from the quantity weighed out for analysis. 

4. BSTEHAnOV OF CADMIUH. 
As 8iil|diids. 

(Practise u|x)n 5 gramme of CdCO^ dissolved in diluted HO.) 

The solution is precipitated with ammonium hydrate and ammonium sqK 
phide. The cadmium sulphide is collected in a weighed filter, washed, dried 
at 100' C, and weighed as CdS. In the presence of metals of the fourth 
group the solution must be slightly acidified with hydrochloric aad and 
precipitated by a current of sulphuretted hydrogea 

6 ESTIHAnOV OF COPPBa. 
{A\ As Caiirie Oxide. 

(Practise upon '5 gramme of pure CuSO« . sHgO.) 

The solution is botletl with a slight excess of sodium hydimte. The 
precipitate is filtered out, washn!, and dried. It is then carefully reinovcd 
from the paper to a weighed crucible, and the filter having been burned on 
the lid and the ash added to the contents of the cniable, the whole is well 
igniteil, cooled in a desiccator, and weighed rapidly, because cuprk oaide is 
ver>' hy^ro>cii|iir. To make sure th.kt the oxide contains no cuprous oxmIc, it 
)s moistvned with a little fuming r.::riL acid, dried with the lid on, igfuted 
for ten ir.iiuitcN, and then weighed as CuO. This operation requires 
)>eing lial)!c t'> invctlve Ions by >{»urtinj:. 

kB\ h% Metallic Copper. 

The soiuttnn, which riu>t U tree (ruin other nieUiU preapttable by 
ly*^i«, ts intr<*«l:<cd into .1 weighed and vrr>' clean platinum lostn. It miai 
t or.tatn a Niik:ht cues of M;l|»hi;n< .Kid. f>ut on no account nitnc acid. The 
ilish is :r.<-:\ .I'.tJ* he*! tn the wire fri-m the /inc plate of a ^*alvanic cell, thns 
t>ci unitn^ the i.f/^'./r. The other wire is connected to a piece %A platmaB 
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tt> fonn an aiMdSr, and thit latter is then immersed in the liquid After a 
tSBie the fluid will become quite colourless, and the basin will be coated 
■MCalbc copper. The fluid is now poured od, and the copper repeatedly 
with boiling water till all acidity is removed. The basin is finally 
with absolute alcohol, quickly dried, weighed, and the tare of the basin 
been deducted, the difierence is metallic copper in the quantity 
w Mgiicd oot for analysis. 

nie use of a battery may be dispensed with, and a fragment of pure zinc 
wed to precipitate the copper, with sufficient add to dissolve all the zinc 
before pouring ofil 

6. BSTDCATIOV OF JUBMUTIL 

{A) As Bifmnth Bolphide. 

(Practise upon 75 gramme of bismuthi et ammonia citras B.P.) 
This process (although employed in the B.P.) cannot be much recom- 



as the sulphide is apt to increase in weight on drying, owing to the 
ibiorpcion of oxygen. A current of sulphuretted hydrogen is passed through 
the acid bismuth solution ; the resulting sulphide is collected on a tared filter, 
dned at 100^ C, and weighed as BitS|. 

(B) As Binnath Oxide. 

The solution for analysis is diluted with water, and precipitated with a 
ibght excess of ammonium carbonate. The precipitated hismuthous oxy- 
carbonate is collected, washed, and dried. It is then separated from the filter 
piper, and the latter having been burned on the lid of a weighed crucible, 
the whole is introduced into the crucible, and ignited, cooled, and weighed as 

Mr 

7. B8TIHATI0H OF OOLD. 

As Ketallio Oold, \tf Cnpellation. 

Tbe alloy containing the gold is treated exactly as described under silver. 
Tbe resulting metallic button is rolled out into a flat foil, and is then digested 
^ attric acid, which dissolves any silver, and the resulting gold }% re-fused 
itto t button and weighed 



& B8TIMATI0H OF FLATDriTll 

Ai Metallio Platiniim. 

The solution, which must contain the platinum as chloride, is concentrated 
•wl preopiuted with excess of ammonium chloride. The precipitate is well 
*^>l)cd with rectified spirit, dried, ignited, and weighed as metallic platinum. 

9. BSTDCATIOV OF TDT. 

{A) As Stannio Ozido. 

ADoys containing tin, but free from antimony or arsenic, are treated with 
■tec add, which converts the tin into oxide and other metals into nitrates. 
T^ acid fluid is evaporated nearly to dryness, the residue taken up with 

10 
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water and a little nitric arid ; the oxide is washed by decantation, collected 
on a filter, completely washed and dried. It is then as completely as ponible 
detached from the filter, the latter is burned on a lid, the ash added to the 
contents of the crucible, and the whole ignited. After cooling, the oxide is 
moistened with a little nitric acid, dried (with the lid on), again ignitedt and 
weighed as SnOj. 

Where we have to deal with tin in solution, the following method it 
applied :— 

The solution, which must Ik: free from other metals of the first three groupt, 
is precipitated with sulphuretted hydrogen, the resulting sulphide is washed 
with solution of ammonium acetate, which will prevent the stannic sul|>hidc 
from {ussing through the filter. The sulphide is transferred to a weighed 
crucible, and the whole ignited, at first vtry gintl}\ until fumes of sulphiiroof 
anhydride cease, and then at a ver>' high temperature, with the addition of a 
fragment of ammonium carlnmate. 

This process depends on the conversion of the sulphide into SnOs by 
ignition ; but it mu>t lie conducted with care, as a too rapid application oif 
heat would cause the change to take place suddenly, and some of the sulphide 
would l>e lost 

(B) Ai Metallio Tin. 

This process whirh is only applicable to tin stone, consists in fusing a 
known (quantity of the pulverised ore with |)otassium c>-anide m a porcelaiD 
crucible, when a small button or granules of metallic tm will be obtained on 
treating the moss with water. The tin is washed, dried, and weighed. 



10. ESTIHAnOV OF AITDIOTr. 



As Antimenioni Solphide, with or withoat Snbieqvtat OontrmloB tel» 

ABtimonioni Antimonio Oiide. 

(Practise u}x>n 5 gramme of " tarur emetic") 

The acid solution is mixed with tartaric acid, to prevent the precipitation of 
an oxysalt. diluted with water, and precipitated with sulphuretted hydrogen, 
the sulphide colk-cted <»n a weighed filter, dried at 105^ C, and weighed. 
The conversirm cf the sulphide into oxide is liest done by igniting an aliqiMH 
part in a porcelain cru<-ible, with excess of mercuric oxide, and finally igniting 
very strongly. The remaining Sb,0« is then weighed. The B.P. simpljf 
moistens and warms the sulphide with nitric acid till red futnes cease, iad 
then dnes, ignites, and weighs as Sb|0«. 



U. B8TIMATI0V OF UMEMVL 
{A) ikM Anenioiu Solphide. 

M'r.ictise u|>on '5 graninu .\\,0,.) 

The solution mu^t < ontain the arsenic as arsenious acid. After •^^'nf 
S4»me H( I, a curri^^nt "f sulphuretted hyJnigcn is |us«cd throu,:h the liquid^ 
till the latter a(>j'.:ireN a strong smell. The excess uf gas \s now removed hf 
wanning the rtunl ami {ussmg a current of carl>onic anhydride through iL 
The >ulphide \s collet ted on a weighed filter, washed, dr:ed at loo^ C^ 
weighed as Ast^^. 
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(B) Ai Wnninioin Ammaniqin Armiimte. 

If the fobstance be arsenious acid it is dissolved in some hot solution of 
carbonate, excess of hydrochloric acid is added, and the fluid mixed 
of bromine water. Arsenic and sulphur compounds, on the other 
are dissolted in hot potassium hydrate and treated with excess of 
pA to convert them into arsenic acid The solution of arsenic acid 
tfaos obtuned by either of the foregoing methods is mixed with large excess 
of ammoniuin hydrate, and, after being allowed to cool, precipitated with 
■^fCfiVf mixture. After standing for at least twelve hours, the precipitate 
» collected on a weighed filter, washed with a mixture of one volume of 
UMBonium hydrate and three volumes of water till free from chlorine, dried 
for three hours at 105^ C, and weighed as (MgNH4As04)t H,0. 



U. ESTIMAnOV OF COBALT. 

As Potatiiiim Cobaltou Hitrita. 

The solution \% concentrated to a small bulk, the excess of acid is neutralised 
vah potash, and excess of potassium nitrite and a little acetic acid (to keep 
the solution slightly acid to test-paper) arc then added. After the lapse of 
t«ciity-four hours all the cobalt will have crystallised out as potassium cobaltous 
utnte. This salt is quite insoluble in the mother liquor, but slightly so rn 
pore vater. For the washing a 10% solution of potassium acetate is used, 
vhcftio the salt is also insoluble, and the acetate is afterwards removed by 
vaihing with alcohol. A weighed filter is used and the precipitate dried at 
too'C 

IS. E8TIHATI0H OF HICKEL 

AsMetiL 

Tbe lolution is precipitated with excess of sodium hydrate and boiled. 
^ precipitate is washed with boiling water, dried, ignited, and weighed. 
^ Ignited residue, or a known pK>rtion of it, is now introduced into a 
"cifhed porcelain boat, and reduced at red heat by a current of hydrogen. 
^ icduced metallic nickel is afterwards weighed 



14. BSTIHAnOV OF 1IAV0AHB8B. 
Ai XisganoaMBABganio Oxidt. 

(Practise upon '75 gramme of pure MnS04 . 7H;0.) 

The solution for analysis, if strongly acid, is neutralised with ammonium 
^^nue and precipitated by ammonium sulphide. The precipitated manganous 
^'phide is washed with water containing ammonium sulphide, and dissolved 
* hydrochloric acid Excess of sodium acetate is then added, and chlorine 
^ ■ pttsed through the liquid until all the manganese precipitates as 
^"^PUiK peroxide, which is then collected, washed, and calcined in a 
**>Pcd crucible to bright redness. This forms MnjU4 ; the crucible with 
'"^ comcnts vi then cookd and weighed 
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15. BSTIMAnOH OF ZlVa 
Ai Zine Ozid«. 

(Practise upon 75 gramme of pure ZhSOa . jHtO.) 

The solution of the zinc salt ts precipitated, while boiling, with sodium 
carbonate, and the whole is well boiled. The precipitate is allowed to settle, 
washed by decantation with Iwiling water, filtered out, and dried. It is then 
introduced into a weighed crucible, ignited for some time at a bright red 
heat, cooled, and weighed. The ignition changes the precipitated line 
carbonate to oxide, and it is weighed as ZnO. Or the solution is prectpitated 
with ammonium sulphide, the zinc sulphide collected on a filter, washed with 
dilute ammonium sulphide, dried, ignited, and finally weighed as oxide. 
This latter method is useful when only small quantities of zinc are 



16. ESTIHAnOH OF lEOV. 
As Farrio Ozid«. 

(Practise upon 75 gramme of pure FeSOi . yHfO.) 

The solution is boiled with a nitro-hydrochloric acid, to ensure that the 
whole of the iron is in the ferric state. Excess of ammonium hydrate is 
added, the whole lx>iled and rapidly filtered. The precipitated ferric hydrate 
is washed with lx>iltng water, dried, and ignited in a weighed crucible for aoiBe 
time. 

In the presence of organic matter, such as citric or tartaric acid, the iron 
must first t)e separated by precipitation with ammonium sulphide, the pftcips* 
tate washed with dilute ammonium sulphide, redissolved in hydrochloric acid» 
lx>ile<i, oxidised by potassium chlorate, and then precipitated with amoKNiitiai 
hydrate, as directed. In the presence of manganese the solution should be 
nearly neutralised by ammonium hydrate and then boiled with excess of 
ammonium aceute, and the resulting ferric oxy-acetate coUected» washed, 
dried, and ignited to FcjOs. 

17. E8TIHATI0V OF ALUMUIUK. 
As Alominie Oxide. 

(Practise upon 1 gramme of pure alum.) 

The solution :% precipitatetl with a slight excess of ammonium hydrate, and 
boiled until it only smells ver)* faintly of ammonia. The precipitated ahiminic 
hydrate thus obtained is filtered out. washed with boiling water, and dried. 
The f)r>' filter and its contents are tran<iferre<l to a weighed platinum crudhle, 
and Ignited to brii;ht redness for some time, allowed to cool, and weifbed 
asAljO,. 

la E8TIHATIOH OF CHBOMIUH. 

As Chromio Oxide. 

Salts of chromium are at once precipitated with ammonium hydrate, and tht 
precipitate washe<i, dru-d, ignited, and weighed as CrsOj. Soluble cl 
are hrst reduced by means of hydrochloric and sulphurous aads (or, il 
of the latter, spirit of vine may \yc use«i). and the chromium p iecip ita ted 
hydrate !)y aminonium hydrate, ignited and weighed as CrfO^ all as 
alxive for aluminium. 
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19. B8TIHATI0V OF BASIUX. 

Ai Barium Snlpliate. 

(Practise upon '5 gramme of BaCIt . sHgO.) 

To a solution in boiling water add excess of sulphuric acid« lx)tl rapidly for 
a lev minutes, and set aside to settle. 

The clear Uauor is poured oflf as closely as possible, and the precipiute 
on a niter of Swedish paper, and washed with boiling water. The 
and precipitate are next dried and ignited in a weighed platinum crucible 
<the precipitate being removed as perfectly as possible from the paper, and 
tbe latter first burned separately on the crucible lid, and the ash added to the 
contents of the crucible, to avoid the reduction of BaS04 to BaS by the carbon 
of the paper). The crucible and its contents having been weighed, and the 
weight of the crucible and filter ash deducted, the difierence equals the 
EaSO«. 

20. BSTDEATIOH OF CALCIUM. 

Ai Caldnm Carbonata. 
(Practise upon *$ gramme of powdered calc-spar dissolved in dilute HCl) 
Tbe solution of the lime salt is mixed with ammonium chloride, and is then 



alkaline by ammonium hydrate. Ammonium oxalate is now added 
The whole is kept just below the boiling-point until the precipitate 
_ then filtered and the precipitate washed with hot distilled water 

QDtil free from chlorides. The filter and contents having been dried at 
too^ C, the precipitate is carefully transferred to a tared platinum crucible 
and gendy ignited. It is then moistened with a solution of pure ammonium 
CMJCTute, evaporated to dryness, heated until no more fumes are evolved, 
and then weighed as CaCOs- 

SL BSTIHAnOH OF KAOHESIXm 
At Kagneaiiim Pyiophoipliato. 

(Practise upon 5 gramme of pure MgSOi. 7HjO.) 

The solution (which should be strong) is mixed with some ammonium 
ciilorKle, and then with one-third of its bulk of ammonium hydrate, well 
cooled, excess of disodium hydrogen phosphate added, and the whole set 
Mde for some hours. Care must he taken not to touch the sides of the 
bcako with the stirring rod, as otherwise particles of the precipitate will 
i^hot to them so tenaciously as to be only removable with great difficulty. 
Tbe precipitate is collected on the filter, washed with a mixture of one volume 
of aauDonium hydrate and three volumes of water, till the washings are free 
^i^oai chlorine, and dried. The precipitate is now detached from the filter 
^ pot into a weighed platinum crucible, the filter is bum^^d in the lid, the 
^ added to the contents of the cnicible, and the whole strongly ignited 
^weighed as Mg^PsO,. 

k KMnetimes happens that the phosphate, even after prolonged ignition, is 
^ bUck. In that case it is, after cooling, thoroughly moistened with 
**^ acidy carefully dried, and re-ignited, when it will be found to be perfectly 
Hiie. 

1W B.P. estimates magnesium in MgS04 by simply precipitating a boiling 
**teoQ with NatCOi, and collecting, drying, igniting, and weighing as MgO. 
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22. ESTDIAnOH OF POTASSIUIL 

Ai PoUttiiim FUtiii»>Chioride. 

^To he practised upon • j gramme of pure KG.) 

The S'llution In pl.ired in a ^mnll |>«>rrelain kisin, and mixed with a jfKv./ 
cxrc>s of snjiitiiin nf platinir (hloridc. The whole is c%'a|)orated to dr>'ne«A 
on a walrr l>ath kept at a tomivraturf of al)out 04"' C. When quite dry il l* 
a^ain di^cstf<l uith a few drops of ptatinu* rhloride solution, and taken up with 
alcohol. Tlic precipitate is roljertetl on a wcii^hed 61tcr. washed with alcohol 
till the washinL'N appear quite colourless, dried at loo*^ C, and weighed as 
l»lCU.2KCl. 

23. ESTIKAnOH OF SODIUM. 

Ai Sodiam SHlphAte. 

MYiciise ui>on '5 (gramme of pure NaQ.) 

Thi> nicth' i is «.:i!y appluuhle where we have to deal with a so'hum salt 
rontamin^ a \« ".r.ilc acid. The s«»lu!ion i^ rnsxed with excess of sulphuric 
acid ami i*\.i|k. rated in a weighed platinum luMn. When fumes of sulphuric 
acid lieionic \:^S'i% the l)a>m i> covered nver with a lid (which has l«en 
weighed lo^eihi r i»ith the rrucihle) and ^r.i«iually heated till fumes cease 
While red hot tl.c hd is lifted up a little, and a small lump of ammonium 
carlx)n.ite put in t'r.e crucihle. which ojKT.ition is re|KMted after a few minutes, 
and the residual Nj^SO^ is coole<l and weighed. The object of introducing 
the amm«)nii.ti. ca'ix^nate is to remove the Ia:>t traces of free sulphuric acid. 

M. E8TDIATI0H OF POTASSimi AVD SODIVM IM PKISEICB OF 

METALS OF FOURTH GROUP. 

(Practise \i\v^\\ the residi:e left on e\-ap<'>ratinL: r litre of ordinar>' drinking- 

i^ater, and redissolvm^ in a little dilute IICL) 

The solution is first of all preiipitatcil with exiess of (»rium chlonde, 
which throws <:i>Mn sulphuric, (ihosphorif . etc., acids. ISarium hydrate (or 
some milk 'if l:ine) \s now adtinl m slight excess, when any nuignesta will 
also \rc thrown d«>wn. To the filtered hjuid excess of ammonium carbonate 
IS addeil. tlic prt-' ipiiate is filtered out, and the Mu:d e\a{M}rafed to dryness m 
a platinum (-ru< :!.le on the water luth. When quite dr>', it is gently healed 
as long as whiti- ammonuiral fumes are visiS.c. The residue, which will now 
consist of alkaii:.e rhlorides. is. however, not quite ht for weighing, and must 
lie purihed 1 his is done by redissoUiiig in water, and adding a little 
ammonium car'^nute. when a sluht preru.itate will form. After filtennf, 
the fluid Is ev.q TatCil fthis time m a t-imi platinum liasin) on the water 
Ijath, and nher. ^iry the residiie is ^'ently heate<i to f.iint redness for a minute, 
cooled, ami wi -jiied. Wruri no v>!u:m is presmt it will now be pure 
(totassium <h!ir;«i'; ; but sho'.:!d tt aiso runtain s Mlmrn chltihde. it roust be 
rediss4>!ved. the poMstiurn (.">:: rn.itcrl by rtCI^. ^nd the vadium obtained by 
difference. I'h:^ pr«K*ess l^ ur.L' of the n.o»: commonly occurring o|>eratKms« 
>>ccause it is req.irei! in every full aruly^ns nf water, arul also of the ash of 
all ve^Ciabk .i::>! .in:ma! substani c^, where {k'ltaNSium and sodium have always 
to l)e e^tlmaU'i m j-re^tn'e "f Ca, M^. phusp!;.iles, etc. It is therefore • 
stry in.portant one to thoro»f;hly master. 
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HL nronuKi BsriHAnov of potassivm jjtd sodiuie. 

Tlie weighed mixture of KCi + NaCI obtained as in 34 is redissolved in 
datiDed water and titrated with ^ff solution of argentic nitrate (see p. 116). 
The number of c.c. having been noted and multiplied by 003519, wc obtain 
the amount of CI present in the mixed chlorides. If now all this CI had 
been present as KCI, every 35' 19 CI would represent 74*03 KCI, but if present 
as NaCIt then 3519 CI would equal 58*07 NaCl, thus showing a theoretical 
dillierence of 15*95, which we will call d. We therefore first calculate : — 

74X)3 X CI found _ , ^,„^^ jr .n x-rx 

35 «9 •" 

From this we deduct the actual weight of the mixed chlorides found, and 
obcain a practical difference, which we will call d\ Then : - 

^_JL?.5!2Z = the weight of NaCl present in the mixed chlorides. 

and by deducting this from the total mixed chlorides the balance is K(J1. 

26. BSTDCATIOH OF AMMOHIUIL 
At Ammanium PlatinoOliloride. 

If the solution contains other basylous radicals, a known quantity of it is 
discilled with some slaked lime in a suitable apparatus, and the distillate 
fccenned into dilute hydrochloric acid. About three-fourths is distilled over. 
The distillate is then evaporated to dr>'ness with excess of pure platinic 
chloride <free from nitro-hydrochloric acid). The dry residue is now treated 
with a mixture of two volumes of al)solutc alcohol and one of ether, collected 
00 a weighed filter, washed with the said ether mixture, dried at 100'' C, 
and wei^ihed as PtCU . 3NH4CI. 

A less expensive method is to distil the ammonia into a known t)ulk of 
volumetric acid, and then check l)ack with volumetric soda, so finding the 
amount of acid neutralised by the ammonia. 

DIVISION III. GRAVIMETRIC ESTIMATION OF 

ACID RADICALS. 

L B8TIMATI0V OF CHLORIDES. 
Aa Argvntio Chloride. 

(Practise upon '5 gramme pure NaCl.) 

The solution containing the chloride is precipitated with ar{;entic nitrate. 
Kitnc aad is then added, and the whole stirred till the liquid is iH:rfectly 
ciear. The precipitate is now treated as directed (see Silver, p. 143;. After 
weighing the chloride it is calculated to CI. 

a. B8TIHATI0V OF IODIDES. 

S. BSTDCATIOH OF BEOmDES. 

1 ESTIHATIOH OF CTAVIDES. 

The process for each of these is practically the same as for chloride. The 
affentic cyanide is, however, collected and weighed upon a weighed filter. 
The argentic iodide and bromide are treated like the chloride ; t)ut // a filter 
it med. It must lie a weighed one. The filter is afterwards reweighed, and 
tncrease in weight is the amount of argentic iodide or bromide carried 
to the filter during the washing by decantation. 
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S. BSTDCATIOV OF AV lOOIDB TE THE PSSSBICB OF A CHTjQlTPl 

JJTD A BBOMIDB. 

By PaUidinm. 

The solution, slightly acidified, is precipiuied with excess of palladiuut 
chloride. The whole is then allowed to stand in a wann place for twenty-four 
hours, so that the precipitate may thoroughly settle. The supernatant liquor 
is (toured oflf, and the precipitate having been collected on a filter, and 
washed, is placed in a weighed platinum crucible and ignited. The whole 
is then again weighed, and the weight, less that of the crucible and filter ash, 
equals the amount of mcuUic palladium left after ignition, which x 2*396 « 
the amount of iodine in the weight of the sample taken for analysis. 

Xffit.—K methcKl for c«ti mating chluri*le in the pmeoce of broaide will bt foaad 
cm page 116. 

6. ESTDIATIOH OF 8ULPHIDBB. 
By OoiiT«rtioii into SolphaU. 

(Practise u(Km '5 gramme of purified ** black antimony."^ 

Fuse with a Urge excess of a mixture of |>otassium nitrate and carbonate* 
extract the fused iiuss with water, filter, acidulate with hydrochloric acid, add 
excess of barium chloride, and proceeil as for a sulphate ; but calculate at the 
last to sulphur instead of sulphuric acid. Some sulphides can be attacked 
by dissolving in nitric acid with the addition of successive small crystals of 
|)otassium chlorate. Excess of h>'drochloric acid is added, and the whole 
having l)een eva{)<>rntcd to dryncs<(. the residue is then boiled with diloie 
hydrochloric acid, filtered, and the filtrate precipitated with barium chlonde. 

7. B8TIHATI0H OF 8ULFHATB8. 

At Barium Sulplmte. 

(Practise upon 5 gramme of MgS04 . yHjO.) 

The solution is aculubted with hydrochloric acid, excess of barium chloride 
is added, and the whole iKiiletl. When quite clear a little more barium 
chloride is added, to asceriam whether all the sulphate has preapitated. The 
precipitate is now treated precisely as m the lianum estimation (page 149) and 
the resulting iiaS04 iN calculated to sulphate. 

ft B8TIMATI0H OF BITBATB8. 

{A) In Alkaline Hitratet. 

If nitnc acid tie ro{uircd to lie e^t:mated in. sav. ordinar>- nitre, the sample 
must first be hiated to fusion to remove moi^iture, and then be quickly 
[>owdered. A weighed quantity of it is now mixctj in a platinum crucible vita 
(exactly) four times its weight of plumbic suipha:c. The mixture ii y**td 
till It ceases to lose weight, when the iovs will just represent the anKNinc ef 
nitric anhydride in the sample taken for analysis. 

The riMrtion ls represented \t\ the following et]uation : — 

V\SO^ ^ sKNOt = VxA) - K^«^ ^ aNOf + O. 
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(B) By OoA?eitioii into Vitrie Oiide. 
Abtidj described at page 133. 

(C) Bjr Conwnion into Ammonia. 

Tlie nitnue is conYerted into ammonia by the action of nascent hydrogen, 

HNO, + 4H, = NH, + 3H,0. 

The nascent hydrogen may be applied in various ways, as follows : — 

t. By distillation with sodium hydrate and metallic aluminiam, and 
receiving the evolved ammonia into a known volume of normal 
standard acid, 
a. By acting on the nitrate for 13 hours with zinc or iron and dilute 
sulphuric acid, and then adding excess of sodium hydrate, and 
distilling off the ammonia into a known volume of normal 
standard add. 
The sundard acid used is then titrated by normal standard sodium hydrate, 
lod the excess of acid started with, over that of alkali now used, gives the 
Bomber of c.c. of standard acid neutralised by the ammonia. This number 
mltiplied b^r '06258 =s HNOi present, or by '05364 = NjOt. 



9. B8TIMATI0H OF PHOSPHATES. 
i^A) Eitimation of the Strength of Free Photphorio Aeid. 

t pamme of the acid is evaporated in a weighed dish with 2*5 grammes of 
PbO; the dr>' residue is ignited and its weight noted. Thus treated, strong 
^P. add should yield 2 '98 grammes and the diluted acid 6 gramme of residue. 

(B) Ai Magnatinm Pyrophoaphate in Alkaline Phosphataa. 

(Practise upon '75 gramme of pure NajHP04 . i2HsO.) 

Ammonium hydrate and ma^ntsia mixture are added in excess, and the 
fvcdpitate is treated as directed under Magnesium (page 149). Should the 
tohmon conuin meta- or pyro-phosphates it must either l>c previously boiled 
vnh strong nitric acid for one hour, or be fused with potassium sodium car- 
boaite. 

(C) Aa Magiiatmm Pyrophoaphata in the Preaenoe of Caldam and 

Magnoainm. 

(Practise upon '5 gramme of pure Cai(P04)2 dissolved in dilute HCl) 

The solution (which must contain orthophosphoric acid, or, failing that, 
ibooid be boiled with HNO| as above) is precipiuted with ammonium hydrate, 
jBd the predpitate is redissolved hi the smallest amount of acetic acid. The 
cakiom is then removed by adding excess of ammonium oxalate, and the 
flnate having been evaporated to a bulk not exceetling 3 ounces is cooled, 
treated with excess of ammonium hydrate and map%esia mixture^ and the 
precipitate \% collected as already described for magnesium (page 149). This 
is suitable for determining the " soluble fhosf hates " in an artificial 
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(Z>) Ai Magneiiiim Pyiophotphata in the PreMnee of Iron and 

Aluniniiim. 

(IVactise uj>on 75 gramme of B.P. Ferri pfunphai dissolved in dilute HCK) 

The solution is mixed with excess of ammonium acetate, boiled, and ferric 
chloride added till a dark -brown precipitate forms. This is washed with 
IxMling water ami redissolved in a small ({uantity of dilute HCl. Al>out five 
grammes (ur more) of citric aiid arc now introduced, and ammonium hydrate 
is added to the whole in lar^e excess, and, after ctiohng, majptesia mixfurr, 
the precipitate l>eing treated as for magnesium. If the addition of excess of 
NH«I10 does not produce a clear lemon-yellow solution, then enough atric 
acid has not Ix'en adtled. 

{£} Eftimntion m Photphomolybdnte. 

If nccc>sar>-, the acid solution is heate<l ami pre<'ipitated with H^S to 
remove ar-enu". I'he excess of H/S i^ boiled off, and large excess <if nitric 
and is aiMed. An excess of ammonium molylKlate and ammonium nitrate 
dLsselve<i in nitric arid i^ now |K>ured in,* the lii{uid iNiiled, and finally ailuwcd 
to stami fur viine hour> in a warm place. The precipitate is filtered off, washed 
^lith dilute alcohol until free from ai ulity, rciiis^ulved in <hlutc ammonium 
hydrate, the solution eva{H>rateii in a wc^lied di'^h on the water !>ath and the 
residue ilrieii in the water oven. Its weight ~ j.S 5 = I'lOg present. This 
process is the lK*st for determining small amounts of ti»tal |)hosphates in eait 
iron, waters, and soils. 

10. ESmiATIOV OF TOTAL AVD SOLUBLE PHOSPHATES IH AH 
ARTinCIAL M AHURE OR OF TOTAL OHLT IH SOIL. 

iyt) Totnl Phosphatat. 

AI>oi:t 2 grammes of the finely }i«fwdered si.lManrr are weighed accurately, 
tran^ferreii to a beaker and deion)|»>ised with H<'1, and where necessar>' with 
the addition of a drop or two of HNOj. The si>Iution is then evaporated to 
<lryness in a water luth, taken up ^iith HCl, and after digestion the mniluljle 
silicious mattrr is separated by filtration ; a ut-ighed <{uantity of citric acid ts 
aiided, the solution heatet! up nearly to Uiilin^ {Hjint, and a weighed quantity 
of ammtniLitn oxalate aiided. The quant it us used must %'ary with the 
substanre iMvier examination, the knoMJcdge only living acquired by 
experience ; but it is seldom neeesNar)' to aiM more than 2 grammes citric and 
or 2*5 grammes animonium oxalate. I'he free ai id i^ then just neutrahicd 
with dilute am mom.), and areti«: arid added, to det idedly acid reaction. The 
liquid :s kept s:mmenng for a few minutes vtith coastant stimng, and after 
sumlin^ a ^hort time the lalcium oxalate i» tillered out. (treat care muse 
l>e <>l»<»cr\'ed n<<: ti> have too larj^e an excess <if ammonium oxalate }ircsent, as 
nLunesium oxalate in an ammonia* al y^iutMn is ">' nie what easily precipitated. 
Tu the hl:ra:e amnMma of SSo sp. ^r. is ad<:ed in a'fM>ut one-fotuth of the 
bulk ; and !■> t:.e iiqiiid, Mfn h mi:st renuin < iiar. f*r nnly slowly throw down 
a small pre< ipis.ite. due to :l:c ma*:nesia pre^* 'it. maxmfsta msxtmrr i% adSed 
in moiierate e\< e^-*. The 1: juid must lie si-t .i^ide. with occasional stimng 
lor the prc< ipitate to form— the time required l^-ing principally determined 
b> the quantity **( .i!um:na present. It i'* fiest. however, to allow it to stand 
over m«;!^t. alth>-..:.i in • a^^es where the alun.ina i^ a'-iscnt, or small, the 



* ThL* ^ !^'i>:i 1% \tv\ Afci ■ y -li^^/.wn^ |o ^rin.mrt of mnUt^lic AoJ la 4I 7 CC «f 
•»r<n -nLa «- '.^: .r. /j «; ,;• . ar. ! !hcn 1 : ntg t^ IJ5 w c •i n:tfic ftci<^ ip. gr. I'MX 



MSTIMATION OF ARSENTATES AND CARBONATES. 155 



dpctatioQ will be found to be complete in two hours. The precipitate is then 
separated from the liquid by filtration, dissolved in as little HCl a.s possible. 
arid reprecipitated with one-third of its bulk of ammonia. After allowing to 
stand for two hours with occasional stirring, it may be filtered, and after 
dmng converted, by ignition in a weighed platinum crucible, into MgjF^jOj, 
aaidi weighed as such. 

Tlic calcium oxalate is converted into CaCO, by gentle ignition, weighed. 
dmohred in HCl, and tested for P,0|, which may be present in small 
quantities, and if so it should be determined. 

The MgsPfO; is calculated to Ca3(P04)j unless a full analysis is being 
made, when it '\% calculated to P,0,, and divided pro rata among the bases 
actually found to be in combination with it. 

ASrtr. — Recent researches hmve shown that by the addition of a sufficiently large amount 
of dtric acid, all the inteimediate steps of the process are saved, it being only necessary 
to aftcTwmrds add the excess of ammonia and ma^pusia mixture. \\y ihi* method, a 
Ufffcocess of citric acid having been first introduced, ammonia is addol. and fthould no 
prvopitate occur, it is followed by ihr magntsia mixture ; but if even a cloud should appear, 
aorr cmic acid must go in, until sufficient has been added to cause a perfectly clear solution 
Ike ssbscquent addition of ammonia. The whole must stand in the cold for at least 
ty-lov hoqrs before filtering off the precipitate of ammonium magneuum phosphate, so 
after all, no time is saved by the new method, but the risk of lou is 1c*a, because the 
— "ite (ihration (to remcre calcium) is avoided. 



{E) SolnUe Photphates. 

Five grammes of the manure are well triturated in a mortar with distilled 
water, washed into a stoppered 250 c.c. flask, and made up to the mark with 
water. After standing with occasional shaking for two hours, 100 c.c ( = a 
grammes of sample) is drawn off by a pipette into a lieaker, 2 grammes ot 
otTK acid and 3*5 grammes of ammonium oxalate are dissolved in the liquid. 
which is then treated with ammonia, acetic acid, etc., as alx)ve described. If 
*«he amount of soluble calcium comes out low, the process should Ik* repeated, 
uwg such a weighed quantity of ammonium oxabte as will just remove it 
frotD solution. This is because the great source of error in phosphate 
oumations is the use of excess of oxabte, causing the precipitation of 
Bia^nesium oxalate with the magnesium ammonium phosphate. The 
Miopcion of the direct citric acid and ammonia method (given al>ove) of 
cocne avoids any difficulty in this resi)ect The MgjPsOj is calculated to 
Ca](POt)2. and reported as '* phosphate made soluble.*' 

IL B8TIMATI0H OF A&8EVIATE8. 

Imiiatin are estimated precisely like phosphates ; but the precipitate 
of ammomum magnesium arseniate is dried at 105^ C. on a weighed 
Btcr, as already directed under Arsenic. Tlic precipitate thus dried is 
tMgNH«AsO«>3. H2O; or, for simplicity of calrublion, MgNH«As04 . iHjO. 

18. B8TIMATI0H OF CAEB0HATB8. 

A carboaftte is estimated by the loss of weight it undergoes by the dis- 
pbcement of its carbonic anhydride by an arid. A small and light flask is 
pf uouc d aiMl fitted with a cork through which passes a tube (c) containing 
(raiments of calcium chloride (see tig. 35). A weighed quantity of the 
cartxmate is introduced into the flask with a little water, and a small test-tul)e 
aboQt two irMrhes long is filled with sulphuric acid and dropped mto the flask, 
•o that, being supported in an upright position, none of the acid shall mix 
wiiii the carbonate. The cork is put tn, and the weight of the whole 
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•ppoiatus having been catefully noted, it is inclined so as to allow the acid 
to run from the sm.ill ml>e into the body of the 
v^hJ^^ flask. EfTetvcscence sets in, the carbonate is 

it-^ solved, and the COj, escaping (hrough the calcium 

B chloride lube, is dq)hvL-d of any moisture it might 

^^L cair>' with it. Wht-n all action has ceased, and 

^^^k the whcik- has routed, air is drawn throuRh the 

,^^9V^ a)ii>ar.iius to displace the remaming CO* and 

""^1^^^^ It IS once niiire weifihed. The differenrc Itctwcen / 

"*■"■ the two wei(;httKivv* the amount of CO, cvoK-ed. L 

A Itetter .ipjiaiatus is th.it figured (No. 36), in which C is the ' 

flask, A the tutx; to contain HCl it> decompose the carbottate, rii- 1« 
and 11 a tulie cimtaining strong HiSO,, through which the cvolv-ed COi 
must pass, and so Ik: pcifcrtiy deprived of moisture. 

13. BSmUTIOH OF BOKIC ACID Ol B0KATB8. 

'Phis it \xi-\ done by distilling ofl" the Imrun in the form of methyl borate, 
and finally estinuitng it as talcium l>or.ite. The ap[aratui rerjuired it a 
distilling ilaNk heated by a water-hath 3r)d filled with a tap-funnel, the tube 
of which reaches nearly to the Ixniom of the (latk. The side deliircfy4ube 
is atiJched to an ujitight condenser having a spiral worm and endin«; in • 
receiver slamling in a dish of cold water and furnisht-d with a set of bulbs 
containing dilute ammonia, to ensure against the escape of any methyl borate 

The weighed ijuantity of the lioric actd (or borate) is put into the flaik 
with as little liquid as jKAsible, and 1 c.c. of nitric acid having been idded, 
the whnk is di?.lilled to drynevs. to c.c. of methyl alcohol are then 
introduced liy the funnel and entirely (liMilled off', which ogieration is repealed 
four times, i c.r. of an equal mixture of nitnc acid and water are agaia 
added, distilled off, and the trr.itnK-nt with methyl alcohol is continued until 
a drop of ihc di^ttllau-. a))Sorlic<l im>i fil[i'r'pai>er, icj^es to burn with a green 
flame. While this distillation is pro<(.-vding, some [Hire lime (to grammes for 
every '% gramme uf lioiate taLeni i:> put into a pbtinum dish, heated for some 
time over the lilow-pigie, ceiled undi-r the deMccalor and weighed. The 
weighed dish arid hmc having lictrn pbted on ice, the contents of the 
receiver and liulln are added to it and. after standing for twenty minutCK 
the whole is vtry cauti"ii-ly (.-vapotated at a temiierature lielow 59*" C. The 
heat is ihtrn gradually increased until the mass is i[uiit.- dry and the whole ■■ 
finally iunited over the )>I'i«-[<i;>t.- .md wei):hcd. The increase in weight H 
the I3|U, from the weight of san.ple >iaried with. 

14. £8TDUTI0K OP OZAUC ACm 

Ai Caldnm Cftrboute. 

The solution is m.nlc alkaline with aninioniuni hyilraic and pRcip«tStrd 
with c.-il(-iuiii (hl<<n>le. The pieiipiUlc i" Hashed till free from eUeriStt, 
dried. Ignited, and t^r^ally wei^lied j> <.iiiiiT.a:e, as directed under ''""""t 
(l«8e uyj. 

U ESTIKAnOH OF TASTARIC ACID. 
Ai Ctlcinm Oxide. 

The M'lutioii (wliuh mu>t eonuin r.'i i.tlx-r loses than K, Ka, at NH«) a 
in.ide /»«//) jikjime liv s-^li'^in liidrJte. niA i-feLipiiateii !•>■ eicess at calcK 
ihl'irule. Itie ptLi.i)'iuit i'- washed «i;h cold w.itcr, itricd, tinned (wiUi th« 
bliiHi'ij-e), dful weighed a-- laleii oxide. 
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16. BSTIMATIOH OF SILICIC ACID. 
(A) In SolnUa Silioatat. 

%f tohible siUcjites are meant those which are either soluble in water of 
ia hfdrochloric add The solution (which must contain some free HCl) is 
cvapotated to dryness on the water bath, and the residue dried for an hour 
41 lao^ C (348^ F.). After cooling, the mass b moistened with strong hydro- 
chloric acid, and then boiled with water, thus leaving an insoluble residue of 
pure nlica-'-SiOs — which is collected on a filter, washed, dried, ignited, and 



{B) In IniolnUe Silicatai. 

bodies must be decomposed by mixing a weighed quantity of the 
6aely powdered substance with four times its weight of sodium potassium 
carbonate, and fusing the whole for about half an hour. ( When alkalies have 
ar Ar estimuUid^ a separate special fusion must be made with barium hydrate^ or 
fmrt A'nr mixed with ammonium chloride, instead of the double carbonate. ) The 
cnKible must be well covered during fusion. After cooling, the residue is 
treated with dilute and warm HCl until effervescence ceases, eva[X)rated to 
dryncn, and treated as above described at 120^ C (248^ F.), etc 

DIVISION IV. GRAVIMETRIC SEPARATIONS. 

IVft dcputment is beyond the icope of the present edition. Vfhen the student has prmctiscd 
•B tke cootcnts oi the hook up to this point, he will already have a sufficiently general idea of 
c^eaical analysts to enable hun to fix the line of work he desires to make ht« .speciality. If 
*W bt ameral analysis, he must pass to a larger book, such as '* Fresenius,*' to complete ht% 
So as to give, however, some idea of how the preceding processes may be joincti 
g the full analysts of a mixture, we take the following example, because it is a 
one. and gi%'e a sketch of the manner of working \n performing : — 



Bm Fill AaaljiiB of the Mineral ContanU of a Sample of Ordinary 

Potable Water. 



L Take the total solid residue of 100 cc (calculated in grains per gallon) as directed 
■ Chaptef X., to serve as a dieck on the results ; then ignite and again weigh : Iom = organit 
mi vJmtilf maxter. 



VL Evaporate 3000 cc. of the water to dryness in a large porcelain dish. Moisten 
IW icsidoc with 10 cc of distilled water, and then add 200 cc. of dilute alcohol '92 sp. gr. : 
bw^ rently detached it all from the dUh, filter and wash with similarly diluted alcohol till 
;ticticaily nuching more dissolves. ThU procedure is useful because it sefarates the salts 
pmcBt this* : — 

ji Tlic filtrate may contain all salts of K and Na, chlorides and nitrates of Ca and Mg, and 
*M vlphate of Nfg. 

^i The insolnble residue may contain the sul{)hate and carlxsnate of Ca and the carbonate 
tf Mg. togcchcr with any iron and silicious matter present. 
1/ AmaJrsit of the lUitmtt. 

m Era;-'irate till the spirit is driven off, cool, transfer to a loo cc flask, and make up to 

^ aaik with distilled water. Divide into two portions of 100 cc respectively, marking 

A and k 

#1 To A ad«i NH,0, NH,HO and (NH,)|C/>^ to precipitate the Ca, and estimate as 

M CaCOy. Calculate to CaO. and then x a = CaO present as CI or NO,, in the 

anpnal jooo cc of water taken. 

U} To nitrate and washings from (^), concentrated to 50 cc and cooled, add NayHPO^ 

m pffcipcute Mg, treat as usual, and weigh as MgrHyO*- Calculate to MgO. and then 

X J a ilfU pcescnt as CI, S( >^ or NU, in the original 2000 cc. of water. 

^ To B aodttlate with HCl and add liaCl, to precipitate sulphate. Treat as usoal and 

aa BaSO^ Calculate to SO, and then X a = total SO, present in the original 2000 

•f waicff taken m cumUnation with K or Na. 
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(/) The filtrate and washin|^ frum (/> are eraporateil to a low lialk rendered alkaline with 
pttreCa(IIO>|» the leparatiun for alkalies given at page 150 gone ihrougb, and the K aad Na 
present both e^timatcil as chlorides. Kc%ulti X 2 = total K and Na present in tlic Jooo c.c 
of water started with. 

(/)The residue from (r) if di%M>lvc<l in a little water, and the K estimated Chcrroo by 
PtCl, in the usual nuuiner and calculated to IC9O (vee page 150^. An equivalent amoant 01 
K(1 (calculated from this K9O) is then deductcti from r^idue (/)» and the balance it NaQ, 
which it calculated to Na^O. 

( 3> Amalytis of tkt imilmhU fcrtwn. 

(tf ) This is wa%hed from the filter with distilled water and then boded with 100 cc of ligO 
and HCl adtled till eflienrescencc ceases. Any insoluble is filtered out, washed with boding 
1I|0. dried, ignited, and wctghc«l =2 siluiout matUr in the 300o c.c of water started with. 

(^) The filtrate and washings are warmol with a drop or two of IINOgand mixed witk 
NI1,C1 -¥ Nil, 1 10, and the iron e^tinuteil if present as Fc/), and result calculated to 
Fe = total Ke in the aooo ex. uf water taken. 

ii) Divide filtrate ami wa»hings into two e<)ual parts a ami B. 

(</) The portion A is prccipiuteil with « Nll^iyCyO^ ami the calcium cstimatc<l as CaCO. 
ami calculatctl to CaO. Result X 2 = tutal CaO as carbonate or sulphate in the original 
aooo c c. of water taken. 

Kt) The filtrate frum Kd)\\ cnncentrateti to a low iMilk, cooled, and Na,lirO, added with 
c&cess of Nll,IIO, ami the Mg estimated as usual as Mgtl'fO;, and calculated to MgO. 
Kesalt X a = total MgO present as car U mate in the original 3000 c c of water. 

(/) The portion Y is acidulate«l with IlCU ami the sulphate estimated by BaClf. weighed 
as ItaSOf, and calculate*! tu SO,. Result x 2 = tutal SO, in combiiutioQ with Ca in tkc 
original 2auo c.c. of water. 

Sup III. Kvapuratc 2 50 c.c. of the water ti> a bulk of 2 c c, and treat in the nitrmDctcff ta 
estimate tlie niinc acid (see foge 134;. Resulting NO calculated to N^| and ■ S • total 
N,0^ prr^iit in 2000 c.c. of water. 

Sttp IT. Take the amount of chlorides vulumetrically ^page 1 16; in lOO cc of the water. 
Result X ao = C'l in aooo c.c. of water. 

SUpT. dikulaium •/ rtiults, 

\a\ All our results being in grammes or fractions of the same from JOOO cc of water, each 
must be multiplied by 35, which will bring them all to grains per imperial gallon (pafta m 
70,000}. The analysis is then stated as follows (example taken frum actnal practice; : — 

A sample of water yielding ao'l grains of total «olids per galKm. of which '45 gram vaa 
** organic ami volatile matter," ar.d the balance < 19*65 grains) was mineral matter, showtkl o« 
aiudysis :~ 

Id) In the portion soluble in spirit : (^) In the portion insoluble in sptftt : 

yraios per (allon. grams ytt gaDaa. 

i'lrtassium oaide 2704 Calcium oiidc .7 19S3 

Sodium uaide .1 40(^7 Magnesium oside - .1 tXMO 

Chlorine .12133 Sulphnnc anhydride . 17^47 

Sulphuric anhylridc 6^03 SiUcious matter 

Calcium usuie . none. Kerric uaide . 

Magnesium oiide . none 

Nitnc anhydride none. Total looml . I3^J7 

From thi% re^i'lue \s now to be always deducted an aoKiunt of oiygcn eauivalcnt 
the chlorine fouml, l^vause all ttic bise« have been calculated to oaide>* while haloid 
contain no oiygen. The chlorine found \s 12133. '^ " 

1*2133X16 , r^ t ^ 

'''' « *<>737 osygen, e«iuivalent to Q found. 

Performing the deduction. »e have — 

13-9^37- 2737 = 137100 grains uf solid matter actnalty lunnd. 

The total residue, after driving off organic matter, was 19*65 grains pef gallon, aad 
difference is due tu CO, unestima!ed, thus 

1965— 13 71 = 5*94 grains uf CO, yet gailua 
Adding nuw this CO, tu the vjl>«tance% actually e«timatc<l, we get — 

To:al kuUtances found -f CO, - 1965, 
Actual rrsKlue found ^ 1965, 
which proves iKir analysis to be currect 

It now remains t'» calculate how thr«e bases and ^^As are prul^iMy cuttbincd aa 
actually present, by the fi Mowing general rule« of afhni!y. thus : — 

<tf > /« tki fc^twn i^^mbit tn if%ru, (I) Any tulphunc anhyiride will prdcr tbc 
the KlUmir.g order: K, Na. Mg •2t Chlorine will prefer the l««es in tbc 
aftrr tkt .^( -, n iJttiiht4. 1 here (ore «e firtt caliulate c^r K,( > \^> K/<iO,. which fi 
utn u(> 23*/b of it:r M >,, anl iKe lalance of .SO, « '45^7 we calculate to .Sa^NO« 
te Na^SO^ ami leasa I 0OU4 Na,0 not aa sulphate and tbctcfore caisli^g m 
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Calculating accordingly, we get 2 00 of NaCl, which just uses up all our chlorine. There- 
fore this portion contained altogether — 

Potassium sulphate *co 

Sodium sulphate *8o 

Sodium chloride 2'00 

(Q In the portion insoluble in spirit, (i) The SO, found will all be present as CaSO^, 
and the balance of CaO and all the MgO will be as carbonates. Therefore 1764^ SO. 
calculated to CaSOf becomes 3*00 and uses up 1*2353 ^ CaO, leaving 6' 16 to be calculated 
to CaCOr This yields 11 'oo CaCO,, and the 100 of MgO found, calculated to MgCO. 
gives 2' ID. Thus this portion contains — 

Calcium sulphate yoo 

Calcium carbonate 11 'OO 

Magnesium carbonate 2*10 

PnttiDg now the whole anal]rsis together, we have — 

Potassium sulphate *5o 

Sodium sulphate '80 

Sodium chloride 2*00 

Calcium sulphate 300 

Calcium carbonate . • • . .1100 

Magnesium carbonate . • • . 2*10 

Ferric oxide "05 

Silica '20 

Organic and volatile matter .... '45 

Total residue 20*10 



CHAPTER IX. 

VLTIMATE ORGANIC ANALYSIS. 

This process consists in estimating the amount of each element pRKiU In 
any organic compound, a^ distinguished from proKimate analysis, which 
estimatts the amounts of the c(»npounds themselves. 

L WSt OP APPA&ATUB UaUIRED. 

1. A oomhsMion furnace, which ■* > wrin of Banwn bonicn mmngctl is a fr>«a 
•u at to ctailually rai*< ■ lube placed otct ihnn lu a red beat. The tube tiaa 
in a \Ki mailr of a tene* i>f mebiicki. which cunfinc the beat and make it 
play all roiukt ihc luLc (.tee ti|;. 371. 

1. Combuitwa tube* marlc of harl i:la<t, nul tofteriini; at a red heal Thvic rabs 
are cluacd al one md \ff drawing uul befme the blo<rpi)ic aad tunuas apti 
The mode uf duine ihii i» illuMraled id ti^. j!l. 




r., * 



3 U iul«i jiuknl v.ih perfecltr Jry ealcium ehluikle u MuU ffa) 

alltiv ibe fire i^ouci uf (a-ct (liliuiraied n Ag yii, awl h 

tu Ibi brrviiy u " CaCI, lul*v" 
4. Ilull-i chirccl wilh Ucui^ Mituinm ol giuiixium hihlrate (I is 

b>n<!r lefeire.! i.> a> ■ KIIO WW T<>.> cumitun lorsM of Mcft balba tm 

illu«ntcd in ht;. 4Dl 

5 llu.:~ I..1 il~..rl'ii>i: a;:.iih>nu anl inleiklc-l to be durpid with cUatt WoA «f 

• n.iwn >!itivi1l >»1 be:rjfirt icleiicd to u "mlrucen tnlbi' lor hnvMf, 
T«<> luniaiun lurnu uf luch l-ul » ue lUu'lraied m bf . 41. 

6 (>Ta>ija;cil tut<'% 1 '.■-<'\ ai oae ra.1, lu buld ^ cc , and gtadaaled frgM Ibr dMll 

c»l ilownsaiit in ]^ of a r.c, UM>I f'lr co]I«tin( taws aad ■^■■naf 



7 A dicp cjlirtii:.!] ir>>el <il i;^» i.ilcd with water 

ntciei .li|') ;n^ :ii the watCT. ihc whole lulbcienily Jcvp lo ptfBii 
crLlitr niiRirr-i'p .( the Ga-::iraiunn,; lulcs a»l wtie caowcb « lb 
>.lm.: :Fr ij.i :. a> tbuwn id li^ 4J. Iliii u hrteahef oiled ika "■ 
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I CImi loxn. filled in cat limb with fia^Btenti a( CaCl, to alaofb moiiiure, iim) 
ia Ibe other with fragmmu of lods-lune to kbaotb cwboD diaiidc. Tboc are 
illatfntcd in fig. 44, utd are Bied for freeing any aic which bu^ be outed to 
|MB throogh ibcn from moiilnre and CO,; bereaftet called " ait-purifjiing 
towcn " far bccrilj. 

n. ESTXHAnoV OF CAXBOI AUt HTDROOU. 
I LteUf'i Proawi. — This process is perfonned b]r heating a weighed 
fBuuitT of the substance in a tube vrith some body readily parting with 
ongcn at a red heat, such as cupric oxide or plumbic chramate, by which 
tbc hydrogen and larbon of the organic body are respectively oxidised into 
vtfCT ai>d carbonic anhydride. I'hese products are passed first through a 
■d^kcd tube containing calcium chloride, which retains the water, and then 
tfatODgh a weighed bulb apparatus containing potassium hydrate, which absorbs 
ibe oirbomc anhydride. AAer the experiment is finished, die increase in 
■d^ of the tubes is calculated thus : 

As H.O : H, : : increase in CaCI, tube : x. 
As CO, : C : : increase in KHO bulbs : *. 




Tbe detaJb of the actual process arc as follows : — 
(i) Prtliminary sUps. 

(a) Chootc a coabadiaa tube, drawn out and ttilcd at one end (tif;. j8). about 
eifhiecD incfacs \<xi% and \ Vi \ inch in bore, aod fit ivo corki to it, one 
wEolc mnd the olhei bored to a* to be all rcvly to take the bulb end of tbe 
CaCI) tube (flE' 39!, which miut fit air-ti£hl when puihed ihrough the cork. 

(I) Menian oat niificient CnO (KiB-derrd) to (in tbe cumbuillon tube, and put it 
iBtoaiiDall pear-tliaped hard gUw flaik over a good ' Bonaen " 10 heat (odull 
rcdncH aad dritc off all noiuuic I'bcn remove the ware* of Iwai, cork 
■t apv and lei it cool. 

(>> White tbc CdO >« cooliD|r wei^ jpoar CaCI, lube an) jruai KIIO bulb* 
thg. 40), and, haiing notnl their retpectiic wcighti, dole the open mdi by 
Mona erf abort piecei of black lubbci lobing, baring bita ot glaa* lud pat in 
■o act aa iiopperv 

4^) 4 gramB* of KCIO^ it then to be weighed oat, powdered and heated gnlly 



sale ontil it put ^Ka. The AueJ 
, iwocT 07 a |uti rod aod the ai[ ' 
Wi '3 to '4 rraaune of the lubttancc 
pM uder the 



|iati rod aod the cmpaute put and 
ne of the lubttancc i> (if ioiid) _ 
the dcticcalor. If lii]uid, a rerf mtnale Hoppeied tuCe (I 






itcbglaaa vA 



la doiea and 



It ihop) ti wcicbed, and hanng been tilled wtlh the 
1 and afain w«i(bed, (he diffeienoe being tbc weight of 
liqaid taken. 
(/ ) haAdcnt atbealoa fibr« to nuke a plog that will oecnpT about ) inch tt the 

CDBboaboo tube i> bcmied to nctaeu and cooled under ibe deaicoior. 
if) A luog wire with a coiled end ia gut rcadjr. 
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(a) Charging the wmbuttiom iuht. Wlien the CuO has cooled suf- 
ficiently so that it can be handled, the KClOi b first dropped 
into the combustion tul)e and is followed by four inches of 
CuO (rapidly transferred from the flask with as little exposure 
to the air as possible). The weighed substance, if solid, is 
then dropped in, and immediately followed by another three 
inches of CuO. I1ie long wire is then used to mix the sub- 
stance through the upper six inches of CuO, taking care not 
to disturb the lower inch or the KClOg (if a liquid only twc 
inches of CuO are put in, and then the bottle is dropped in 
and followed by five inches of CuO). The tube is now filled 
with CuO to within two and a half inches of its end; the 
asbestos is introduced so as to form a loose plug, leaving a 
space of an inch between it and the charge, and the tube is 
securely corked. It is then laid flat upon the table and tapped 
thereon until its contents settle dowr^ so leaving a clear passage 
for any ^ascs along the upper part of the tulje, which '\% then 
placed in the furnace (fig. 37) with the corked eiKi just pfo* 
truding. The cork is removed and the CaCIf tube is attached 
by nurans f)f the i>erforated cork (takmg care to put the 
^ buUied '* limb next the tube), and to the other end of that 
the KHO hull)s are atuched by means of a piece of black 
rubber tubing, seeing that the larger side of the bulbs is next 
the CaClf tube. The whole a|)|iaratus is now completCt and 
after testing it for air tightness of the cork and joints (by gently 
warming the inner side of the RllO buDis so as to expel sonc 
of the air, and seeing that on cooling the liquid stands at a 
higher level in the inner bulb than Inrfure), we are ready to 
perform : — 

(3) The Combustion. \Vc first light the first six burners next the bulbst 
and when the front part of the tulie is red-hot we cardully 
li^ht the other humeri one at a time, so as to cause the heat to 
tr.«\el gradually baikwards. The art is to so regulate our heat 
•^s nevL-r tu priKluce bubliles of ^as {wissing through the bulbs 
at a nil ire rapid rate than can \yt distinctly counted. Hliea 
t!ie uhule tube is red-hot, all except the last inch, and the 
evolution of gxs has practically ceased, we light the last burner 
ar)il f'nuse an evolution of oxygen from the KClOj which clears 
the tulx* of any residua! gases and carries them through the 
!)u!bs. The ^as is then turned ofl', and vthen cooled the CaQi 
tutic and KHO bu'.bs arc detached and rcweighcd, and the 
increase noted in each case. 

f4) Cth'.u/afion of rtiults. The following \> an example of the method 
of calculating ; the substance under analysis being 
cindv. 

Wr!,;ht •>/ ^yy^xt tjkcn '4*5 Cvmnae 

iMTrrcnce. due to C i.), . • • 73I ,. 
C^K'-m c)>)oii<Ie til be ftftrr coixil-u^tiiin wci^hcxl 2jtio5 grmm 



L>i:TcTcncc. Jim lu 11,0 . . __"'*J 



•t 
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<OiJX_7Jl . ..^ ^,y^ <"t> « ^ '7? = ^3056 hydrogen. 

Total Mgir tmkcn '475 

ToUl C and II found '32996 

DiSercncc, due to oxygen . *74504 

O>0 fai perocDUige^Cafboa 41 9^ 

Hydrof^ 643 

0«ygen 5159 

10000 

Spedal Hotat to the Foregoing Pzoeets. 

(•) Sabttances containing lalphur, photphonis, arsenic, chlorine, or any halogen, 
are best mixed with luscd and powdered plumbic chromate inMead of cupric 
oxide, to at to avoid the formation of volatile cupric compounds. 

(i) When the tabatance also conuins nitrogen, the front part of the combustion- 
tube must be plugged with a roll of bright copper ganxe about four inches 
long instead of the asbestos. This is to reduce any oxide of nitrogen, which 
if allowed to pass into the potash would be absorbed and count as carbon 
dioxide. The copper, however, takes the oxjrgen, and only leaves nitrogen, 
which passes unabsorbed. 

(r) Very refraaory bodies, such as coal, starch, etc., are best burned with plumbic 
cbrumate, or should be done by the improved process, in a current of air or 
of oxygen, to be next considered. 

IL The iBproTod Hodem Prooeta.~The difficulty of Licbig's method lies 
ia the hygroscopic nature of CuO, which is so marked that it is scarcely 
ponible to transfer it from the drying fla^k to the tube without getting some 
oiotsturet thus, of course, vitiating the hydrogen determination, to avoid which 
«e proceed as follows : — 

A combustion tube, about twenty inches long and open at each end, is 
d:irged as shown. 




r« M*> -« la the front Mid. Co which the CaG| tube and KllObulhs are attached : «* ia the hack end. 
tawludlaiet ci ''air^purifwos towera" (fif. 44) are attached; c ia a layer oi rrmmuimt*^ Cu< >, 
twelve inrbra tvof ; g aod g are amall rolla tk copper |[auic, about half an inch kip|[. to keep the 
C^D IA ila pUct ; ^ la a t4aiinum boat to contain the weighed aubataoce, either aolid or in a little 
•ifee am already dcacribed ; j^* ia a roll of OMidt^Hi copper (aiue, three aod a half lochca loof . 

If the body also contains mtrogen, the roll g must be made of bright 
copper gauie, four inches long, thus nearly filling the empty space shown. 
To p ei fo c m the process the tube is placed in the furnace, and a having 
becB connected to the *' towers," they are in turn attached to a gasometer 
tootiining air or oxygen. The roll g" and the boat b having l)een withdrawn 
the hyer of CuO is heated to redness, and a slow, steady stream of air or 
onjen ts passed from the gasometer. When the CuO is quite dr>' the air is 
Kcpped, the heat xs reduced, the weighed tube and bulbs are attached to a, 
ttd the cork a ha\'ing lieen o{K*ned, the l>oat and roll are replaced, and the 
*V)k again closed up, and the air gently turned on. The CuO having again 
^^«CQ fitftcd to a redness, the burner under the iKut is lighted, and the heat 
^sctiottsiy applied, so as to gradually burn the i»ul)stance entirely away. At 
^ tod of the process the air is stopped, and the CaCIj tul)e and KHO bullis 
^ttKhed and weighed. Any numl)er of combustions can ))e done one after 
*ac4her by simply re-oxidising the reduced CuO, by heating and turning on 
**9c air for a few minutes, and then proceeding again as before. I'his is the 
'^iy practical method, and many analysts prefer to suck the air thruugh, by 
^fam of an a^^irator attached to the outer end of the KHO bul^>s, insteatl 
^ dnnng it from a gasometer. In using oxygen it is, however, al\%.tys driven 
^ ooe of the steel tubes in which it is sold in the compressed state. 
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m E8TDIATI0H OF VITROOEl. 

The estimAtion of nitrogen in all com(H>unds, not being nitrites or nitratefl, 

is comliiclcd as follows : - 

I. The Method of Varrentrapp Modified.^This depends for its success 
on the fart that when niiro^'cnous su I stances are strongly heated with iodiui 
hydrate they are der<.ni|H»sc(l, fomiing a carlwnatc and oxide with the oxygen 
from the hydroxy), ami hlnrMting hydrogen, whiih then comhine^ with the 
nitro^L-n to form ammonia. So as to prevent fusion of the glass tulics em- 
ployed, solution of soiiium hydrate is evaixjratcd to dryness with calcium 
oxide, and the resulting mixture, known as loda-limo, is heated to redness and 
preserved f<ir use. 

(I ) Preliminary sttfs : — 

{a\ (,*ho(>se a comhustion tul)e, alwut fifteen inches long and a 
half inch hore, drawn and sealed as in fig, 38, and fitted with a 
I>erforated cork to take the bulbs. 

{It Measure out enough soda-lime to fill the tulie and put it over 
the gas to get dr>* in a small basin and then cool under the 
(!esiccator. (If the soda-lime is already fresh and dry this is 
unneressar>\ and we then only measure it out and E>ut the 
quantity we want into a little dry stop{iered liottle ; init the 
quantity must always Xk measured, otherwise mistakes occur in 
fillmg the tul)e.) 

(c) Tut a glass mortar and a funnel with its limb cut off close to 
the neck on the top of the o%*en to warm. 

(J) I'ui a little asbestos on to ignite, and then cool under the 
desiccator. 

{e) Measure 30 c.c. of equi\*alent seminormal volumetric acid from 
a burette into a beaker. Take the " nitrogen bulbs " (fig. 41k, 
and ))y sucking at the wide end with the rurrow point immersed 
in the acid, transfer as much of it as |)ossible to the bulbs with- 
out loss, and then cover the beaker up and set it aside. 

{/) Weigh out *4 to 3 grammes of the sulxstance according to its 
richness in nitrogen. ^ 

(a) C^tirxi'ffc /Af tuh. This should be done over a sheet of glaaed 
|iaper, so that anything spilt can Ix easily picked up without 
loss, and the shun -ended funnel should be used to assist in 
filhng the tulie. Alx>ut an inch of our soda-lime is fiftt pot 
in, then half of it is |)ounded up in the mortar with the 
weighed substarKe and transferred to the tube, llie nonar 
is then nnsed with some more soda-lime, and these rinsings 
having been }x>ured into the tu!>e it is filled up with 
to within two and a half inches of the end. A plug of 
is then put m, so as to leave about one inch free space 
it and the charge, and the tul>e \s laid on the uble and tapped 
to cause a cnannel for gases at the top, as already dcacnbcd 
a1>ove. 
(3) Comtustwm. The tu!>e is placed in the furnace, and the 
having been attached by the perforated cork the fisit 
burners are lighted. When the front is red-hot, the heal is 
gradually {«ssed back as already descrdied, carefully regubtoM 
the evolution of gases. When all the tube is red-hot and 
gases cea^ to |viss a piece of !>bck rubber tube is slipped 
ever the exit of the bullis, arul, suction Ixrins applied to n, the 
drawn-out end at the back of the combustion tube is *^-^-- 
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with a pair of tongs. A current of air is thus caused to pass 
through and to sweep all residual gases into the bull>s. The 
gas IS then put out, and when cool the bulbs are detached and 
we then proceed to— 

(4) The titration. The contents of the bulbs having l)een rinsed 
back into the same beaker as originally contained the acid 
(set aside for this purpose), taking care to wash the bull>s 
well and add the washings to the beaker, litmus is added, 
and the whole is titrated with seminormal soda, made to 
exactly balance the acid, and, the number of c.c. used having 
bw*en deducted from 20, the difference is the c.c. of acid 
neutralised by the ammonia given off during combustion. 
Now I litre of equivalent normal acid (B.P. strength) would 
neutralise 16*94 grammes of NHj = 13*94 grammes of N ; e.f^, 
each C.C. would = '01394 N for normal acid, '00697 for semi* 
normal acid, or '003485 for quadrinormal ; therefore, multiply 
the number of c.c. of acid neutralised by one of these factors 
according to the strength of acid employed, and the answer 
gives weight of N in the weight of substance taken, which is 
Uien calculated to percentage. 

IL OrifiBAl Mtthod of Varrentimpp.— This was conducted in the same 
war, only the bulbs were charged with dilute HCl, and at the end of the 
conbustion their contents were precipitated with PtCU and the resulting pre- 
Gpiiatc of PtCU (NH4C1)9 collected on a tared filter, dried at 100^ C, weighed 
and dklculated to Nf. 

IIL TIm Prooett of Dumas. — This consists in measuring the amount of pure 
ei tro gen evolved, and is suitable for certain organic bases and for compounds 
OMttaiiiing nitrosyl (NO) or nitryl (N0|), in which the soda-lime fails to con- 
all the nitrogen into ammonia. 
Hie combustion tube (which in this case is twcnt>'-six to twenty-eight inches 
;) b packed (1) with six inches of dry sodium hydrogen carbonate; (2) 
little pure cupric oxide ; (3) with the weighed substance mixed with 
CaO ; <4) with more pure CuO ; and lastly with a considerable length of pure 
metallic copper ; and the whole is closed by a good cork, through wnich 
a bent delivery tube, dipping under the surface of mercury in a small 
itk trough. Heat is first applied to the very end portion of the 
KaHCOp until sufficient CO9 has been given off to entirely drive all the air 
of the apparatus, which is ascertained by collecting a little of the gas 
off and seeing that it is entirely absorbed by solution of potassium 
hydiate. A graduated gas-collecting tube (fig. 42) is then filled, one-third 
with ftrong solution of KHO, and the remainder with mercury, and carefully 
tatcfted into the mercur)* trough so that no air is admitted, and placed over 
tike mouth of the delivery tube. Combustion b now commenced at the front 
cf the tube and gradually carried backwards as usual. The gases evolved are 
COf and N, the former of which 'v& al^orbcd by the KHO and the btter 
coUccts in the graduated tul)e. When the heat reaches the back, the remainder 
of the NaHCO| is decomposed, and the carbonic anhydride given off chases 
any tnoe of nitrogen out of the tube. The collecting tube is then closed by 
a soull cup containing mercury, and transferred to the measuring trough 
(^ 43)1 ^^ entirely immersed therein. After leaving it until its contents 
hsvc acquired the temperature of the water, it is raised so that the level of 
t&c water inside arul outside the tube is equal, and the volume is read off. 
The temperature and pressure being noted, the weight of the nitrogen ia 
obluned tiy the species of calculation already descril>ed at pai^e 133. 
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W, Sjeldahrs Proeeit. — This method is rapidly su|icrscding combu^uon. 
It dcixrnds uiK)n the fact that when most nitrogenous InxJies are heated with 
excess of strung sulphuric acid their nitrogen is converted into ammonium 
sulphate, from which latter the ammonia m.iy \yt )il)erated by excess of alkali, 
distilled off and titrated. No s|K:cial apparatus is really required other than 
a hard glass flask and the usual disiiihng arrangements ; hut where rapidity, 
combined with accuracy, is desired, the following s|M:cial arrangements 
should Ih; provided. 

(1 ) Ilanl g!a«% Ion|;*DCckeil flanks purchasctMe a« " KjcIiUhrt flatk.!.'* 

(2) A ^taitit tn h«il(i the ria\L% in an inclincii |H>«iiii>n uvcr Hunwn bumert. 

(3; .^ tlistillirg arTant;rir.rnt cim^iructeil at fi>ilfiw« : A ci>p|irr rta«k. capable of bolilmc 
500 c c. i« ti tctl with a nibtier curk. throu|[h which pa%^s the ticHioB ml of a 
" So^hlrt " (ulie. The uihrr riul uf thi^ lube it cli»^c«l by a rubber curk, pirrccti 
by t«i» h(ile« ; thruugh one lif thr<« (lasftcs the %tem of a ta)>|icil funnel, and inruiigh 
the other the eml uf a Mi<k-tin tul«e. | inch in dia meter, which it cairicd up lo an 
altituiic 4>f iS inches, and then br(ni(*ht dnwn again, itt other en<l |iaa«ing tkroofh 
a rul ber ccrk into a ia|iered glaw connector, dipping to the l^rttinn of a receiving 
flank, which latter if placed in a vc%ftel of cold water. In thtt ap(iarmiu« ibc 
'* .So\hlrt " acit x\ an anti-«purting appliance, and the u^ uf a metal IU»k cnal»lci 
very rapid dutillatinn t>i l< (lerf'-rmctl. The receiving Aa»k abouki be markcil 
at 300 c c, and «houl>i have a total ca)ac:ty of aliout 400 cc. 

From o'3 to s'o grms. of su(>stance is taken (accordmg to its richnew 
in ni(rMi:en). and is placed in a Kjcldahl flask, with soc.c. of strong sulphuric 
acid (free from nitrous com(>ounds;. and 75 gramme of red mercuric oxide. 
The flask is placed on the stand and heated up to nearly the l>ui ling -point of 
the acid for ten minutes. If the liquid should tend to liecome clesr. no 
further addition is needed ; but if it !« still black, 5 to 10 grammet of 
|K)tassium sulphate are added and the heating continued. When the liquid 
tias iKcome clear and colourless, or nearly so, the flask is allowed to cool, 
aoo cc. water is added, and the whole [>ourcd into the funnel of the distilling 
apparatus. A further quantity of about 300 cc. of water is used to rime 
out the flask, and is aUo [xmred into the funnel, followed by 75 cc of 50 
|)er cent, sodium hydrate solution and 30 c c of a 4 iter cent, solution of 
potassium sulphide. The soda is to neutralise the sulphuric acid, and the 
|)Otassiutn sulphide to prevent the formation of mercur-ammonium com- 
|)Ounds. The stop-cock of the funnel is dosed, and 50 cc of decinorma) 
sulphuric acid having Ixren placed m the receiving flask, the dislilUtion is 
proceeded with. When the h<{uid in the receiver has riicn to the mark the 
diHtillatum vs stopiied. and its contents are titrated with decinormal alkali, 
using methyl-oranue indicator. 'I he numtier of cc. of aUali used is deducted 
from 50, and the Icilance multiplied by '001394 • nitrogen m the weight of 
substance started with. I hi^ nitri»gen x 6*33 « the pruteids present 

IV. ESTIMAnOV OF CHLORIHE. 

Chlorine is estimated by cdmbustion i>f the substance in a tube filled with 
pure call 1 urn (»\ide, when the chl'*rioe displaces oxygen and turns |art of the 
oxide into ca!cuim ch!i)riije. .\fter combustion the contents of the tube arc 
di^solvei! in diluted nitr:r :ii :d, liiteiei!. ami the CI prei ipttated by argentic 
nitrate. (><c ( ir4\imeir:>- l>::rna:Mn tif Chlorine, p. 151) 

V. ESTIMATION OF SULPHUR AVD PHOSPHOmUL 

Sulphur and phu^phor;:s are c^ttm.iteil by fusing aUiut 3 grammes of the 
solid subst.ince m 4 s:i\t-r cn:« ible. with 24 grammes of pure potaasnin 
hydrate .\\v\ ,; ^'ranmu-s < f pi: re i»otasMum nitrate. After fus:(m the lulphur 
and ph' Nph'iri:> (Mhiifi li.ne been cctnvertcd into sulphates and phosphates 
re^fHi ii\el\ 1 .ire est:iiuttd '•) dissohm^ the re>idue in water, slightly andQ- 
Utin^ with ri\dr<tf }:'»iri(' a< :•!. and |irci!piia:iri^ as usual. (See GraTimetiic 
Kstinutiun of Sulphates and Thosphates, p. 152.) 



CHAPTER X. 



THE ANALYSIS OF WATER, AIR, AND FOOD, 



wnsusm i the sahitabt ahaltsis of water. 

Iv the piesent state of our knowledge it is an open question whether a 
cfcfkal analysts alone will under any circumstances enable a definite opinion 
to be fanned as to Uie safety of any water supply unless supplemented by a 

investigation. The latter, however, being evidently out of the 
of this work, the chemical points are now given quantum valtant. 



L CoUeetion of the Sample. 

This » to be taken in a clean, stoppered *' Winchester quart " bottle, 
prcvkwsly entirely filled with the water, and emptied before finally filling up 
tntrodncing the stopper. The sample should be kept in a dark place, 
with as little delay as possible. 

S. Odaar. 

« judged by looking at a column of water in a colourless glass 

a faet long, and held over white paper. The presence of a greenish- 
~ colour is an adverse indication. 

S. Odov. 

An ftKMtnce wide-mouthed stoppered bottle, free from odour, is half filled 

the water, warmed in the water bath to 38^ C, shaken, ami then the 

ts removed and the odour instantly noted Peaty waters, and those 

marked amounts of sewage, can frequently be thus detected by 

pijctiscd nose. 

4. Sutpendad Solids. 

a litre of the turbid water through a dried and tared filter. Dry the 
and deposit at 120^ C and weigh. The gain in weight of the filler 
IS the weight of suspended matter in a litre of water. 

5. Total Solid Baaidno. 

Heat a i^tinum basin of about 130 c.c. capacity to redness, cool it under 
tile desiccator, and weigh. Introduce 100 c.c of the water, and evaporate 
a knr gas flame until reduced to about 10 c.c. ; then place it on the 
hath till dry. Finally, heat it in the air bath at 105^ C. until it 
to loae weight, cool under the desiccator, and weigh. Ha\ing deducted 
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the tare of the basin, the difference in millignnnmes x lo - loial residue in 
pfluts per million, or the same x 7 -t- lo = grains per gallon. Example : — 

Weight dUh -f re»i lue • • . S-^'iJ^ 
Tareurdi>h J>9 J<» 

x>36 or 56 iiii11i|^aaiiDe» ; 
36 « 7 

ihcn — 25*3 grain* per gailuo. 

10 

The residue should now \yc gradually heated to redness, and the presence 
of organic matter carefully looked for as indicated by charring; also the 
nature of the same, by whether the odour on burning is purely carbonaceous 
(hke burning sugar) or nitrogenous (like burning hair). This fauter is an 
especially unfavourable indication. 

6. CUorina. 

(a) 4789 grammet /ainr cryUallticd argentic nitnte, diiaolvcd la 1000 cc of dii 
Ullol water. Kach cc of thii loTution * 'ooi {9n« miiiigrmmme) of cfaloriar. 

{b) 5 grammct poUvium cbromate diuoIvcU in lOO cc dtuillcd wttcr, aad a woik 
lolution of argentic nitrate dropped in until a iligfat permaacf rod pradpimt 
is prudnced. which is allowed to aectlc in the bottle. 

Frocess. — Put 100 cc. of the water into a white basin» add a few drops of 
the chromate solution, and titrate with the silver solution from a buredCt 
graduated in ^^ of cc, until a faint permanent change of colour is piodnced, 
as already described (Chap. VII., p. 115). Note the number of cc taed, 
multiply by 10, and the result will be chlorine in parts per million, or malUpIr 
by 7 and divide by 10, which will give grains per gallon. The water itaoT 
must be perfectly neutral ; if acid it must l^e first shaken with a little pore 
precipiuted chalk. l*he presence of a brge amount of chlorine with 
excessive ammonia and albuminoid ammonia indicates that the 
impurity is, probably, of animal origin. 

7. VitrogtB as Vitratet. 

ia) Cmm Frocess. — 250 cc. of the water are evaporated to a small bolk, 
the chlorine precipitated with saturated solution of argentic sulphate, filtered, 
and the filtrate concentrated in a basm to 2 cc. \ nitrometer (see p. tjj) 
is charged with mercury, and the three-way stopcock dosed, both to measuring 
tube and waste-pipe. The concentrated tilir.tte is poured into the cup at the 
top of the measuring tulK% and the vessel whuh contained it rinsed with 1 cc 
of water, and the contents atided. The stofKork ii oi)cncd to the measurii^ 
tul)e. antl. hy lowering the pressure tutje, the h juid is sucked out of the cup 
into the tube. The laMn i» attain ringed with 5 c.r. of pure strong sulphuric 
acid, and thi» is also transferred to the cup and Nucked into the measurinit 
tu^K*. The stri{ici>ck is or.ce more Ctusc<l, and 12 cc. more sulphuric add 
put into the <.up, and the si<»pcuck o}tenev! to the measuring tube until 10 CC 
uf acid ha%'e passed in. The excess of acid is di<>chari;eil. and the cup and 
«astepi]Kr rinsed i»ith «a*<.r. .\ny g.is wh;ch hx% collected in the measuril^ 
tube is ex(H:lied by oiK-r.in^ the sto{H-i^-k an<l rai>ing the pressure tube, 
\'Axc no hi{'.:id escapes. '1 he sto}K:ock i% closed, the mcasunng tube takien 
Its clamp and shaken by brmginf: it slomly to .1 m-arly horuontal petition 
:hen si:dt!en!y raisini; it to a vertical one. This shaking is continued until no 
more ^*as is ^i\cn off, the o|icra:ton being complete m dfteen minuiea. Nov 
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prepare a miirture of one part of water with five parts of sulphuric acid, and let 
% stand to cool. After an hour, pour enough of this mixture into the pressure 
mbe to equal the length of the column of acidulated water in the working tube, 
bcwg the two tubes side by side, raise or lower the pressure tube until the 
BKfcury b at the same level in both tubes, and read off the volume of the 
niche oxide. This volume, expressed in ccs. and corrected to normal tem- 
perature and pressure, gives, when multiplied by 175, the nitrogen in nitrates, 
m i^raims per gallon^ if 250 cc. of the water have been used- According to 
miie authorities the precipitation of the chlorides is not necessary. 

ik) Copptr-Zinc Process* — This must be carried out as follows : — A wet 
coppcr-xinc couple is prepared by taking a piece of clean zinc foil, about 3 in. 
bjr 1 in.« and immersing it in a solution of copper sulphate, containing about 
3 per cent, of the pure crystallised salt. A copious and firmly adherent 
costing of black copper is speedily deposited upon the surface of the zinc, 
which must be allowed to remain in the solution until the deposit is thick 
enough, but not for too long a time, or it will become pulverulent and 
00c adhere firmly to the zinc — three or four minutes will generally be 
saficient. 

The ziiK coated with copper must then be removed from the solution and 
the ooople thoroughly washed^ first with distilled water, and finally with the 
to be analysed, in order that this may replace the adhering distilled 
It is then put into a clean 6- or 8-ounce wide-mouthed stoppered glass 
bonle« and covered with 100 cc of the water to be analysed If the water be 
vcrj soft a small addition, say one part per 1000, of sodium chloride will 
accclcfa tc the reaction. The stopper must then be inserted in the bottle and 
the water allowed to remain overnight in a warm place. If still greater speed 
be necessary the temperature may be raised to 90^ or 100^ F. (32^ or 38^ C). 
With hard water it is preferable to add a small quantity of pure oxalic acid, to 
piccipiute the lime and quicken the reaction. When the reduction is complete 
the ftnid contents of the bottle are to be transferred to a retort with 200 cc. 
of ammonia-free distilled water, and, the retort having been attached to a 
condenser, the contents are distilled till the distillate which comes over gives 
no colour with '' Nessler." The distillate is then '* Nesslerised," as already 
deacnbed (Chap. VII., page 136), and the number of milligranunes of NH| 
found are calculated to N ( x 14 -f- 17), and then the resulting milligrammes 
of K X 7 -i- 10 ss grains per gallon, or x 10 only = parts per million. 



8. Vitritet. 
Solutions required : — 

I. Dilate uilpharic add (i of aci<l to 1 of water). 

1. 5 f mnmes of metaphenylenediamtne, tod sufficient sulphuric acid to form an acid 
reaction disaolTed in 1000 cc of water. 

3. 0*406 gnunmes of pure dry silver nitrite di^«oK*ed in hot water, adding pure 
lodittm chloride to long at a precipitate is formed, diluting to 1000 cc. with 
water, and setting a.«ide to deposit its silver chloride- 100 c c. of the dear 
Uipiid are then diluted to I litre, l cc. of this solution contains 01 roilli> 
grmmBe NfO^ 

iVMtfi. — Put 100 CC. of the water in a glass cylinder, and add i cc each 
oCtohuions 1 and 2. Prepare three other c>'linders by diluting 5 cc, i cc, 
ad a cc respectively, to 100 cc with pure water, and adding i cc each of 
I aiid 2. Compare the shade of the water cylinder with that of the 
descnbed under " Nesslerising." The amount of N'sOi in the water 
a equal to that of the comparison cylinder having the same shade. 
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9. Ammonia and Albuminoid Ammontn. 

These two inilications are succcssi%*ely taken on the same quantity of water. 
The former is an estimation of the ammonia present in the water in the form 
of ammonium salts or similar comfwunds readily decomposed by a weak 
alkali, while the Litter shows the ammonia derived from the decomposition of 
nitrogenous organic matter under the joint influence of an oxidising agent 
(KsMn'O.) and a hydrating agent (KIIO), and is therefore a measure of the 
nitrogenous, and consequently presumably dangerous, organic roatten con- 
tained in the water under examination. 

The solutions and apparatus ref]uired are : — 

{a) .S.sitym earhcmUe. 

A 20{tercent. lulution orrrcently i|^itc<l pare wxlium cmrboiute. 

( • ) Alkalmt f<4asnum f^rmam^.inatf Sfi^uiicn. 

Ihtwilve 200 parts nf |M»ta««iuin hvdrate anil 8 |url« ri( purv tmCaMiam per* 
manganiic in 1 200 part* of diMiilcd waier. and Ih»i| thr Miluiiun rapidly tiO 
cunccntratol to 1000 partt, cuul, and kc«p in a wrll-ituftiicTcd buttle. 

U) f^t .f$i»fJ vxUtr nkuk u/rff /rem timm^mm. 

liistillrl water which giire% n<> reaction with Ne^^Ier teM i« jnire cmmgh. B«t, if 
th:% 1% not available, lake the purest diMillcd water pmcurable, add pure ig nit a i i 
MFiium carbitnate in the |iri»}Mirii<>n tA I part per 1000, and tioil briikly valil 
at Iea%t rjoe-fourih ha» lieen eTa|)uiateil. 

((/) A 40 rmnoe ^topperell retort, with a neck imall enough to paia kMMcly taio die 
internal tul« uf a Ijebig'i conden^r to the eitent uf 6 tnchct (tec illaMratio^ 
Chap. I , |iai:e 41. The j<iint between the relurt and coadenter ii nadc hy 
an onlinary india-rubber nng ftuch as lht»«e n*c«l for the topt of ■iiiIhiIVm — 
whivh ha« been prcriously Knke<l in a dilut* Milution vi loda or poCaih. hcnig 
itretched over the retort tnbc in Mich a iKniiino that when th« refn«t tabr h 
inserted in the cimden^er it ihall fit fairly tightly within the BMMth of the labe 
aUiut half an inch from the end. 

(/) All the matefiaU fcjr *' Ne%»lcruing'* (icc Chap. VII.. page l|6). 

The process is as follows : — 

(if) For ammimia,^¥'m\ test a little of the water with tincture of 
cochineal, to sec if it shows an alkaline reaction. I'ut 503 cc. of distilled 
water into the rrtort, and distil until 50 cc. of the distillate gives no colour 
with 1} cc. of NcS!i1er, thus rendering the whole apparatus " ammonia-free.'* 
Let the whole cool, (viur out the distilled water (which may \9C saved for 
ammonia-free water 1. put in 500 c c. of the water to In: analysed, and, if it hat 
not an alkaline reaction, make it alkaline with a drop or two of the sodium car- 
)K)nate solution. 'I he distillation should then he commenced, and not lets 
than ICO r.c distilled over. The receiver should fit chisely, but not air-tight, 
into the cfindenser. The distillation should l)e conducted as rapidly at n 
roni{iatiSle wuh a certainty that no spurtinj; takes place. After loa cc. have 
Inren di<»c tiled over, the receiver should Ijc changed, that containing the distd- 
late Inrin,; s;op{iered to preserve it from access of ammonucal fumes, toocc. 
measuring rlask 5 make ron%'enient receivers. The distillation must be con- 
tinued until 50 c c. mr>re are distilled over : and this second portion of the 
distillate muit be tested with Ncssler's re-a*:en: t'j ascertain if it contains any 
ammonia. If it (!:»is not. the d is: illation fi^r free ainmona mav be di9coo> 

m 

tmued. and this last distillate rejected ; hut, if it does cuntain any, thedtstiUa- 
titm must lie continued stil! longer, until a |)or:i'm of 50 cc, when conecied, 
show9 no coliiratiun with the Nessler tc^:. The whole of the dittiDalct 
must he miietl to-^ether and ** Nesslerised " in the usual manner, and the total 
nunilKT of millip:ranune« **i amtnonia found are multiplied hy 1, which givet 
milligrammes {H*r litre (parts |»er million). This nutnher in turn muliq^ied 
hy 7 and disided hy \oo ^ives grains fier gallon of amm^mia. 
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(>) Ftr mikmmimoid ammtmia. — As toon is the distillation above referred to 
has been ttartedv 50 cc of the alkaline potassium permanganate solution are 
pited io a basin viih 150 cc. of distilled water, and boiled gently during the 
whole time that the free ammonia is distilling, adding some ammonia-free 
water if necessary, to prevent too much concentration. [The object of this is 
to ensure the entire evolution of any trace of ammonia present in the alkaline 
pcfmaii0anate» thus avoiding a check analysis, as usually recommended.] At 
the same time a few fragments of clay tobacco-pipe are put into a platinum 
dah, heated to redness, and then kept warm till required for use. When the 
dmillation of the ammonia is complete, take out the stopper of the retort and 
poor in the boiled alkaline permanganate by means of a perfectly clean (iinnel 
with a long limb ; then remove the funnel and drop in the fragments of clay 
pipe. Now replace the stopper and continue the distillation, when the 
albuminoid ammonia will begin to come over. After 200 c.c have been 
distilled, change the receiver and take off 50 cc at a time, as already described, 
until the last 50 comes over ammonia-free. Mix the distillates, " Nesslerise " 
and cmlctilate as for the ammonia, noting the total result as albuminoid 
ammonia in parts per million or grains per gallon. Great care must be taken 
that no ammonia is kept in the room devoted to water analysis, and that all 
leceivcrs used are first insured to be perfectly ammonia-free by proper rinsing 
with ammonia-free water and testing with Nessler. 

10. Oxygen required to oxidiia the Organio Kattar. 
Solutions required : — 

(«) Siamdmrd soimiimt o/fotmssimm permanganatt. 

Dinolve '395 parts of pure potassiam pcnnang&nate in looo of water. Each cc 
cootaint t)00i gramme available oxygen. 

(i) /^imsumm Midi i0lMticm, 

One part of the pure salt rcoystalUsed from alcohol, dissolved in 10 parts distilled 



(0 Diimif smipkurit atid. 

One part bjr volume of pure nlphuric acid is mixed with three parts bj volume of 
distilled water, and solution of pocassium permanganate drofiped in until the 
whole retains a wrf /»«/ pink tint, after %rarming to 27* C for four hours. 
(^ Scdimm kfpamlpkitt. 

One part of crystallised sodium hyposulphite dissolved in 1000 parts of water. 
(#) Simftk wmter. 

One part of starch to be intimately mixed with 500 parts of cold water, and the 
whole briskly boiled for five minutes, and filtered, or allowed to settle. 

Thi Process. — ^Two separate determinations have to be made : rr>., the 
asKNml of oxygen absorbed during 15 minutes, and that absorbed during four 
hours ; both are to be made at a temperature of 27^ C. It is most convenient 
to make these determinations in 1 2-oz. stoppered bottles, which have been 
nnsed with sulphuric acid and then with water. Put 250 c.c. of the water 
toto each bottle, which must l)e stoppered and immersed in a water-bath 
uttil the temperature rises to 27^ C. Now add to each bottle 10 c.c of the 
dihrte sulphuric acid, and then 10 cc. of the standard potassium ()crniangan- 
ate solution. Fifteen minutes after the addition of the potassium perman- 
pnaff, one of the bottles must be uken from the bath, and two or three 
diofH of the solution of potassium iodide added to remo%'e the pink colour. 
.Mlcr thorough admixture add from a burette the sundard solution of sodium 
hyposulphite, until the yellow colour is nearly destroyed, then introduce a few 
<hopa of starch water, and continue the addition of the hyposulphite until 
the blue colour is just discharged. If the titration has been properly con- 
dodedv the addition of one drop of potassium permanganate solution will 
itstore the blue colour. At the end of four hours remove the other bottle, 
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add potassium iodide, and titrate with sodium hyposulphite, as just described. 
Should the pink colour of the water in the bottle diminish rapidly during the 
four hours, further measured quantities of the standard solution of potassium 
permanganate must be added from time to time, so as to keep it markedly 
jiink. The hyposulphite solution must be standardised, not only at tint, but 
(since it is liable to change) from time to time in the following way :— To 
250 c.c. of pure redistilled water, acidulated with 10 c.c. acid as before, add 
two or three droiM of the solution of potassium iodide, and then 10 c.c of 
the sundard solution of potassium permanganate. Titrate with the hypo- 
sulphite solution, as alx>ve descril)ed. The quantity used will be the amount 
of hyposulphite solution, corrcs|x>nding to 10 cc. of the standard potassium 
|)er manga nate sol*.:tion, and therefore representing i milligramme of oiygen 
consumed. The difference between the numlier of c.c of hyposulphite used 
in the blank cx(K*rimcnt and that used in the titration of the samples of 
water multiplied by the amount of a\'ailable oxygen contained in the perman* 
ganate added (= i nilliigramme if 10 c.c. have l)een used), and the product 
divided by the numlKT of c.c. of hyposulphite corresponding to the latter at 
found by the check experiment, is equal to the amount of oxygen absorbed 
by the water. 

Finally, the amount in milligrammes of oxygen absorbed, thus found, is 
multiplied by 4 for paru per million, and that result x 7 and -i- 100 ss grains 
per gallon. 




IL Clark's Process far Hardnsss. Total he fore M/itti ud 

a/Ur boiiing. 

Solutions, etc., required : — 

(«) StamJarJ miuHcn cf i^cimm tkl^rUe. 

Made by fiinvjUing 1 grmmmc of pore calcinm carbonate ta the nmlleir 
hydrixhloric aod, tbco carcfolly nratraluiiig with dilute 
oukini; the toluuoo ap to a litre with diitilled water. 

(^} SUnJari j#e/ jc'm'iVm, 

Disaolve to graminct of air-dried white Caitile loap, cat into thin ibaviagi^ m a 
litre ofdilute alcohol (tp. gr. 0949). 

To determine whether thi« solution cuntaini the proper amoant of loapb ID cc ol 
the v^lutiMD of CaCl, are diluted vith 60 cc of water, and the ton nhrtaoa 
aMJ-lel till a pervtcent lather iormt on agiutioo. If II cc of iha aoap 
Kilution have been uied. it ha» the proper itrcngth. If a artiUff Of kia 
quantity, it muM be cocKentrated or diluted to proper itrcBfta. TIm aoap 
lolutiun. if turtiid, mukt be shaken before using, bat not filtcrvd. 

The Prooass.^(j) For total hardness. Put 70 c.c. of the water into the 
bottle, of 250 c.c. cafiacity, and add the soap solution gradually from a burette. 
.\fter each addition uf soap solution, the bottle is shaken and allowed to lie 
upon its side fwt minutes. This is continued until, at the end of five 
minutes, a lather remains upon the surface of the liquid in the bottle. Al 
this time the hardness is indicated by the numlier of c.c of soap solutioii 
added, minus one. If magnesium salts are present in the water the character 
of the lather will be very much modified, and a kind of scum (simulating a 
lather) will be seen in the water liefore the reaction is completed, llie 
character of \\\\^ scum must !< carefully watrhcd, and the soap test added 
more carefully, with an increased amount of shaking lietween each addition. 
With this prcrau'.ijn it mil be (r>m{kirativc!y ea%y to distinguish the point 
when the false la:hcr due to the magnesium salt ci-ascs, and the true persistctU 
lather is produr*.-!. If the water ts of more than 16^ of hardness, mu 35 cc 
of the sample «i:h an e ^ual %'olume of recently Uiilcd distilled water, which 
ha> lx-<.n c< o!cd in a closed vessel, and nuke the determinatijn on this 
m:\ture of the sani; '.c and distilled water. 



THE SANITARY ANALYSIS OP WATER. 173 

(#) Ffrpermameni hardness. To determine the hardness after boiling, boil 
a ■MBSured quantity of the water in a flask briskly for half an hour, adding 
ditdlied water from time to time to make up for loss by evaporation. It is 
not deurmble to boil the water under a vertical condenser, as the dissolved 
add is not so freely liberated. At the end of half an hour, allow the 
to cool, the mcuth of the flask being closed ; make the water up to its 
otifinal Tolome with recently boiled distilled water, and, if possible, decant 
llie qiauitity necessary^ for testing. If this cannot be done quite clear, it must 
be filtered. Conduct the test in the same manner as described above. 

The hardness is to be returned in each case to the nearest half-degree. 

12. Judging the Eaanltf. 

No definite rule can be laid down for judging all the results on one 
o ni i unn scale, because the analyst ought to have special information as to the 
locality, nature of the soil, or depth of the well, before git ing an opinion. 
For example, nitrates, which have in river and shallow surface waters the 
fullest significance, as indicating the presence of previous sewage contamina- 
entirely lose such force in waters from deep artesian wells, because these 
naturally rich in such salts. The same thing may be said of ammonia, 
vhkh, although highly unfavourable in shallow waters, is yet always found in 
aitcsian wells, most probably from the metal pipes acting as reducing agents 
upon the nitrates. Again, with upland peaty waters we always find a large 
reduction of permanganate, and consequently an excess of "oxygen consumed," 
akhongh the organic matter so acting cannot be viewed as dangerous. 

Setting aside, however, all questions of mineral constituents and only 
looking at the indications of the presence or absence of organic matter, the 
author has devised a valuation scale, originally presented by him in a |)aper 
itaA before the Society of Public Analysts, and which has proved since that 
tune at nearly correct as any general scale can be. The principle is to divide 
the amount of each figure found in the analysis by a fixed divisor, and where 
the fmoiiemt exceeds \o to double all figures aver that number. Let us suppose 
that, Hor example, a water yielded '013 grain of albuminoid ammonia per 
plkxi, and that the di\'isor fixed for this indication is '0007 ; then we have — 

-2ii s 17-1 ; then 17-1 — 10 s= 7*1, and 7*1 x 2 = 14*2 ; 
*ooo7 

therefor e 14*2 + 10 = 24*2, indicated degree of impurity. 

To prevent the production of enormous figures, likely to startle nonpro- 
fesstonal persons, the indicated degree of impurity is expressed as a decimal 
by dividing it by 100. Thus, it is only when the article is very bad indeed 
thai the indication comes into full numbers. 

Taking, then, the whole scale, it stands as follows : — 

Grains per Gallon. 

AmmooiA emdi xx}\$ « i. 

Albomtiioid Ammooia ,, "0007 * 1. 

Oiygen oonMimcd in 1 5 minutet . • . ,, "004 * I. 

Os/gco cooMimcd in 4 hottn . . . „ *oio * I. 

Parts per Million. 

Amrncmift each -oa <» I. 

Albttmiooid AbidooU . „ X}t * I. 

Oiyfeo ia 15 minaics , '057 - I. 

OaTfcn io 4 boors ,, 'I43 « 1. 

When any number exceeds 10, then all over 10 is to be doubled and added 
to the original number, and the total valuation is to be divided by 100 and 
•oicd aa ^comparative degree of organic impurity. ** Then, supposing no 
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other amsiJeratiom inUntnts to modify the analytfs opinion of the samflt^ the 
following limits should Ijc ol>scrved : — 

l«t CIa«s Water «/ /# 15 dq*rc& 

and ,, „ (more or lc&» quettkHuiMc) . »/ /# '50 ,, 
L'ndnnkAblc Neater «\tr '40 „ 

DIYI8I0H n. THB SAVITA&T AHALT8I8 OF AXE. 

For definite sanitary pur|>oscs it is really necc^^ar)* to make a bacteriological 
xs well as a chemical eumination, but the former l>eing outside the scope of 
this book, only the btter is considered. The chief points are : — 

L Testing for Oajeonf Impuitiei. 

The odour will call attention to these when present in notable proportions, 
niotting ixi{>er dipinrd : (j) in tincture of turmeric, and ininxJuced mto the 
I Kit lie containing the su$[HXted air, turns red-brown in presence of ammonia ; 
{h) in solution of suluicetate of lead — black with sulphuretted hydrogen, or 
the %-apour of ammonium sulphide ; (i) in solution of sodium nitroprusside ^ 
purple with the va(x>ur of ammonium sulphide, but no colour with HtS ; <«/) 
m solution of potassium iodide mixed with btanh {oste — blue with chlonne 
or ozone or nitrous acid ; (O ^^^ htmu^ paper dipi»ed in solution of |>otassium 
iodide — blue with ozone, but not with chlorine or nitrous fumes. A few drops 
of: (fj) Weak solution of indigo introduced into the l>ottle is deiolouriscd by 
chlorine and sulphurous acid ; Kb) solution of Ijarium chloride containing 
nitric acid is rendered turbid by sulphurous acid ; (r) solution of argentic 
nitrate is rendered turbid by chlorine and not by nitrous fumes ; {J) lime 
water is rendered sli^^htly turbid by ordin.iry air, but Ix'comes strongly milky 
with air containing an excels of carbonic acid. Air which is simply ** foul " 
from sewag;e impurities or overcrowding; will have a \xry rhar act eristic 
'* heavy" smell, and will de('olou^i^e a few ilro{)s of a wtah s<iiutiun of |iotas- 
sium |K:rinanganate, and will also ahow an excess of carlxinic aeid. 

2. Estimatioii of Carbon Dioxide. 

This is done by the metho<l of Pettenkofcr, whii h consists in standardising 
100 c.c. of lime (or bar) la) water with siandard ox.ihr arid a'25 grammes per 
litie, of which 1 c.c. = cci (1 miliifiramine of ilsX)). 'i'hc air to be 
examined having been (•illeCicd in a lar^e Uj::!e of known capacity, 100 cc. 
of the same hiiie water are ai!ded, the tiwtilc is closed, and well shaken for 
some time. The CO; i"» aS>url»tJ, r-»rinin»: CaCOj. The resulting mdky 
liquid i^ allowed to settle, and 50 c.c. are drawn titf flear and immedutcly 
titrated with the same at id. 1 ne indicat'>r i^ ti:rmeric pa^icr, or phcnoi* 
phthalein, and the numl>er of c.c. of and used is multiplied by 2. The 
difference K-twcen the two ti:rai:ims ^i\e) the aiipicnt of <'a() pretipiUtcd as 
carbor:.4te riy the COj in the air, and this is then calt ulaled thus: — 

— - - ^' =: CO, present in i:;e volume of air ta^jn. 

In stri' : anal\-c^. the \ l'.;*nc <if air tak'-n iiiunI lie correctel for f'ljserrrd 
tc:ii;>er.i:wre xt\\\ prY.^>jre i^ ::> \iluin.* a: N. 11'. Normal air con:a;:if abo.:: 
•04 per Lcr.:. of C< »j. 

3. Estimation of Organie Hatter. 

A kr. -An vulume kA a:r w su« ked by an aspirator through a special'^ 
arrar.^ci! aj'para:..^ c->:;:.ur.':i^ amiiioriia free >i.s:i..(d water, and the resulting 
li (jid is anai>v:d for "free and " albLm:noid ammonia like a water. 
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omsiov m. food avaltbu. 

Here we will only attempt to consider a few of the more commonly occur 
Mest always choosing the simplest and most rapid process. 

L Xilk. 

Ii) Ipadie Omdty. Take the specific gravity at 60^ F. If not at 6o^ 
lake the temperature and refer to the annexed uble to get the true gravity at 
6o% which will be found in the column opposite the obser>'ed gravity and under 
the obicrred temperature. 

(a) TMd Sdlidi. Heat a small flat platinum dish about \\ inch in 
duiDeter to redness, cool it under the desiccator, and weigh. Put in 5 c.c. 
of the milk and again weigh. The difTercnce = milk taken. Now transfer 
10 the drying oven at 100^ C. for 6 hours, cool under the desiccator and weigh. 
Pot it back in the oven for an hour, repeat the cooling and weighing, and 
xf the difference does not exceed a milligramme or two it is dr>' ; if it docs, 
then repeat the drying. The weight of the dish and dry residue minus the 
tan of the dish equals the total solids, which x 100 and -h by weight of milk 
uken SB per cent of total solids. 

(3) m Is got by using "Richmond*s milk slide rule," an instrument 
cmstrvcted to automatically calculate by the following formula thus (2*= 
local solids : G = specific gravity : /*= fat) : — 

r- -254 6'- 1*164 F 
Dedactiag the ImX thai foimd from the toul s^ilidt, we get the " s^uis npifat^ 

la event of the sample being the least sour, or when we are dealing with 
absolutely skimmed or '* separated " milk, the rapid process above given fails. 
It IS then necessary to extract the fat as follows : — 10 grammes of the milk are 
weighed in a porccbin dish, 30 grammes of plaster of Paris arc stirred in, and 
the whole is pbced upon the top of the water bath and stirred occasionally till 
« appears dry. (When the sample is sour 2 drops of strong lii^uor ammonut 
a.*c to be added to the milk in the dish before stirring in the plaster.) The 
mass is well powdered and introduced into a narrow- mouthed S-ounce bottle 
«i:h a well-fitting stopper, and 140 c.c. of pure ether having Ixrcn rapidly 
poured in, the bottle is closed, shaken at inter\'als during two hours, and 
6aally set aside in a cool place to settle during the night. In the morning, 
if the plastered milk was not over-dried, it will be found quite easy to pour 
otf 70 cc. of the ether perfectly clear into a weighed flask, from which the 

may then lie distilled off, and the residual fat dried at 100^ C. and weighed. 

weight of fat found x 20 = percentage of fat in sample. Some 
i&ahsts (»rcfcr to place the plastered milk in a i)a|>er cartridge and exhaust 
< with ether in the *'Soxhlet*s tul>e *' (see Chap. I., p. 2), while others cause 
u« Bilk to be soaked up into a roll of blotting paper, dried thereon, and then 
fixractcd tn the ** Soxhlet *' with ether. This latter is the othcul process of 
the Briti'kh Society of Public Analysts, but with ordinary milk nothing is so 
umple ami good as the gravity, solids, and formula. 

{^^ Addad Water. The limit for the strength of milk is at present leased 
cpQii th.*t of the poorest possi!>le natural milk. Average milk will show :— 

Fat • • • 300 

Solids not Ut • • . q-it) 

Total latxx 



176 



THE ANALYSIS OP WATER, AIR. AND FOOD. 



o 

M 
> 

m 

M 

s 

o 






o p o . o o 



poop 



X 



> 
< 



v: 



r.' 






o 

. 8 

■ e* 

CD 

CD 
(O 

CD 

O 
CO 



CO 



•1 



■r »>^ c f*. »: 



J^ & ««| ' ««) r ai^ «3i) ■ mm\ ' ••) 



•^ . "^ 






I .^ 



•- "• •r -r *^ fx • >: ^ 



•* -^ w^ C ' r» : X 
-• *i rt a, « •( I K 



a* ■■ I3> I^ Z & 

o^ c z C I p - 

i_j? ' .> n ■ = _ 2 I 2 :>^ 

C C C C C r^t^r^jKXX 9 S^ 9 9^ 

-• 't •*. ^i»^«cl»^ac'j>'c.— •• •* ^ "^ 

•«•••« *•___** _*•__ *• **_ ^ '^_ "^ **'■ TT ^_ 

fcT k/- »r. fcr. »r. ^ C O -C I'. f-» r* ac X ae 

— *i •* ^»^c r-^;3e,c> 3 — ^ •*»*•#» 

■• •« •« ** *t M *% *t ' 9% i^ »^ »0\ mm^ »^ m0\ 

T T -r T ^ i/\»j^,i^,i^,w^ »^. O C -O « 



•1 *1 






*• •« •• 



-r »^ 



•I "I 



r'* 3e 



I ^ s> M^ >« •«>' 3 •« 



« '^- ^ 



Vi ^ 



p^ a» »^ wm aMf 



1 •• •• *i •• •« •• 



^ ^ ^ -* a^ 












dopippepp 

ssss$s§3 i,§ p § P § S 3 

• • « • i • • • • , • • • • • 9 m 



o o p o o o o 

' ^ ^ •^ CD ^ 



W9 


i 


«• 


00 


*• 


c 


lO 


- 


iff 


e*- 


j: 


y. 


lO 


~ 


4 


<D 


!<» 





^ »^- O r* 






= 3. 2" S 



j: >c 






X JC 



»'» I'M ?'« 



X r» r<« »«» v^ 



X X X y; 
'S *• •« ^ 



c c c c o c 

'^ f u"- C r^ X 



XK a^ M ■», a^ 






tf) 



CO 






tf) 



~ *t t "• "i •• •• ^ "^ •! •• *•. "-^ •• •• A 



• I 






r>» , X 



=. a • 2' s 



^ ^ ^ % =. ■ a s?! at 



^ »*^ ^ r» 

•• •» ^ •• 

•• ■! ("l ■- — 

f *^ O ^N. X 



- - < O < I ^ 
•t * •* "^ •* "^ 



a » 



•• t •% »% *9 »% *| ^ •^^•^•^ 



I u 



O p O O O 



7 



< 



- /. J 



88p§§§§§§§§ 



p P 



THE ANALYSIS OF FOOD. 177 



Ut bovcfer, « milk has only — 

Fi 
Solids not fax 



Fat ... ro 



Total 11*5, 



ic «in HOC be considered as definitely proved to be adulterated. In calculating 
die amount of water added the " solids not fat " are used for the basis of 
caknlation because they are a fairly consUnt quantity, the fat being variable. 
Tbe amount of pure sundard milk present in any sample may be calculated 

S2!i^ ^*ULI?> . % of pure «Uk prtient. 

the difference between this result and 100 is, of course, added water. 

(5) Aak The total solids in the platinum dish are burned over a low 
at dmU redness till quite white, and the ash is weighed. The ash 
should be about 70 %, and it will never, as a rule, fall below -67 in an 
milk. 



(6) Piaaajiativ6i are frequently added to milk, the favourite ones being 
mad 9iA formalin^ which can be detected as follows : — 



(«) Fgnmalin (formic aldehyd, 40 %) is detected by diluting the sample 
m a test tube with an equal volume of water, and then carefully running strong 
flslplniric acid down one side of the tube, so that about an inch layer of it 
foiiBS at the bottom. On now gently agitating a violet shade will appear at 
tbe point of contact of the two liquids if formalin be present. 

iff) Boru add is detected in the ash of the milk by moistening with a drop 
or two of strong sulphuric acid, then adding alcohol and setting it on fire, 
h will bum with a green flame in presence of boric preservative. To 
the quantity we evaporate 100 grammes of milk to dryness, in a 
pbtinnm dish, with 2 grammes of sodium hydroxide, and having thoroughly 
thaii ud the residue we treat it with 20 cc of water and add HG drop by 
dbop tiO nothing more dissoU-es. We then wash from the dish into a 100 cc. 
imk, taking care not to use more than 30 cc. of water, and we then add *5 
solid CaCI^ To this we then add a few drops of phenol-phthalein, 
drop in 10 per cent, solution of sodium hydroxide until a slight pink is 
p to d n c c d , and then having added 25 cc. of lime water, we make the whole 
ip to the 100 cc. mark and filter through a dry filter. To 50 cc of this 
ilnate (s 50 grammes milk) we add ^V sulphuric acid till the colour is dis- 
chvged, then add methyl-orange indicator, and continue to add the acid till 
a €unt ptnk is produced, and lastly we drop in ^ alkali till the liquid assumes 
yellow tinge. At this stage all acids other than boric likely to be present 
in a sute neutral to phenolphthalein. The solution having been cooled, 
used with some phenolphthalein and 33 % of glycerine (to set free boric 
idK and is titrated with \ alkali, each cc of which consumed = '0124 
oyttalliied boric acid in 50 grammes of milk, and this x 2 s= |)er cent. 

(7) ttur Hilks that will not readily become homogeneous should have one 
dnp of iiquor ammon, fort, added to each ounce, before shaking, when a 
saftrientJy fair sample will be generally obtainable for analysis. Sour milks 
aic generally from *2 to '3 too low in the *' solids not fat,** and the results are 
aol really properly comparable with those from fresh milk, so caution is 
uccntary in forming opinions on sour samples, unless the departure from the 
■MMkrd if very marked. 

ta 
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2. Batter. 

The only really serious adulteration of butter consists in mixing it with 
other fats of lower commercial value. Such a mixture may be legally sold if 
labelled " margarine." 

The butter is to l)e first melted in a l)eaker on the top of the water bath, 
when it will >;radually separate with a top layer of clear butter-iat, and a 
bottom one of water and curd. If the top layer of fat does not become quite 
clear it must he tillered through a dr>* filter placed (»vcr a beaker inside the 
w.itcr ovfn. but it will often clear su^cicntly to enable enough to be poured 
off without filtcrins:. and, siK*aking generally, the better the butter the more 
easily the fat will clarify. 

Having thus pot the actual fat ready for analysis we counterbalance a small 
flask of alx>ut 250 c.c. ca|)acity. and having a mark at 150 c.c, and weigh into 
It 5 grammes of the clarified fat and then add 50 c.c. of a solution of potassium 
hydrate in alcohol (S.V.K.) having a strength of 30 grammes per litre (3 per 
cent.). The flask having Ixxn closed by a cork through which passes a 
piece of narrow glass tul)e, its ontcnts are heated on the water lath, with 
constant agiiati>)n, until the fat is entirely dissolved. The flask is then 
attached to a condenser, and the alcohol entirely distilled off. The residual 
soap thus left in the flask is dissolved in a little hot water, and 15 cc of 
diluted sulphuric acid of 5 per cent, strength having been aidded, the whole 
is made up by distilled water to the 150 cc. nurk. A few fragments of 
recently ignited pipe-clay having been dropped in, the flask is connected to 
a short condenser and the contents distilled until the distilbte measures 
100 c.c. This distillate is then filtered, and a few drops of solution of 
phenol-phthalein having been added the whole is titrated with dednormal 
solution of sodium hydrate or with vigintinorinal Ix&ryta water, which Utter 
is preferred by some anal>*sts ; 5 grammes of pure butter-fat thus treated yields 
a distillate requiring not less than 35 cc. of decinormal soda, while lard, 
tallow, and the other solid animal fats do not take more than 1*5 cc The 
only fat coming anywhere near butter is cocoa-nut fat, which takes about 
7 c.c, Ixrrause it also conuins fatty acids, volatile at the heat of boding 
water. To calculate the amount of butter present in any mixture we multiply 
the number of cc. of soda used by 100 and divide by 25. Ceitain eaccp* 
tional butters having l)een met with, during the winter months, which oiujr 
consumed 21 cc, no definite expression of opinion can safely be given unku 
the article takes less than that number of cc. of decinormal soda. 



S. Ttikijig the Aleohslio StrengUi of Spirits. TinetUM, WiMi» Bssr, ui 

all AleohoUs 



If the sample is simply one of pure diluted alcohol we ascertain its 
gravity, taking care that the teni{K-raturc of the liquid is exactly 60* F. We 
then look at the annexed talilc and find the strength of the spiriL It, how- 
ever, fret^uently hapjtens that it \% not {M»N!hible to get the sample exactly to 
<>9 F.. and in such a case we mu»t carefully note the temperature at which 
we worked and make a calculated correction for the exiunsion of the qHTil, 
based on the following dau : — 

If the spirit l>c alKivc 70 i>er cent, of ap|arent strength, then we must add 
'CCG5 to the si^ecitic gravity for each degree F. that the spirit 
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do F., or we must deduct the same amount for each degree that the spirit 
was l>clow 6o^ 'I'his will now give the real gravity at 6o~ F., and a reference 
to the table will show the true strength. If the spirit is lielow 70 per ocoL, 
we must then use smaller amounts to add or deduct as follows > 

Vnileff 70 Imt over 40 aild uf deduct "OOO^ for each degree F. 
ft 40 M 25 „ xx»3 ,, 

.. 25 ., 15 „ oro2 

». 15 •• o •• "CfjOl ,. ., 

When we arc operatmg on a wine, tincture, or other complex alcoholic 
lii{u<>r, the spirit it rontams must lie distilled off and the specific gratity 
of the distillate asccrtamcd. To do this we take 50 c.c. of the sample« and 
havm>: carefully taken its temperature and noted the same, we transfer it to 
a small retort attached to a condenser, rinsing out the memsuring flask with 
tw(» sucressive quantities of 5 c.c. each of distilled water. We then place the 
same mea.su rin^ flask at the end of the condenser and distil until 40 c.c. have 
fashed over. 10 ex. of distilled water arc now to lie added to the contents 
of the retort, and the distillation is to Ijc continued until very nearly 50 c.c. 
have l>een distilled over. The temi)craturc of this distillate having been 
brought to the same degree as that at which the sample was measured, 
distilled water is to Xm added exactly up to the 50 c.c. mark. By this means 
It is {tossihle to oh:ain a volume of pure spirit of precisely the same strength 
as the sample, and we finally take the s|H;cific gravity of the same and apply 
the tables as al>ove directed. Some chemists prefer to distil off three-fourths 
of the sample, and having taken the specific gravity of the distillate, to add 
some water and distil off the remaining fourth, taking its gra\ity separately, 
and finally adding the results both together. 

4. Bread and Flour. 

Take 10 grammes of the bread in a weighed platinum dish, and dry it in the 
grater oven for 3 hours at a ti-m|K:rature of 100 C. (lood bread should not 
lose more than 44 (x:r cent, of its weight. Now place the dish over the Bunsen 
burner and heat it to redness until it is reduced to a unif^ irmly greyish-white 
ash and a^ain wi-i^h. This ash should not wei^h more than 1*5 per cent, of 
the original bre.id. 

jVr// - II* :h Itcai! am! !?>ur arr very ilifticult (•> Imrn. an 1 it i« l/dtrr to lint chmr ihcm to 
a fnj«% of ci-Lr. tSrn t-i rrm-ivr !' u iiias^ in a ^!i«« m-'ftar and |Hm-«ler it, and finalljr to 
rriurii the pi««dcr tM tiie plA'.ioum duh t.> iiiii«h. 

Acidity. Put 20 grammes of bread (or 10 v;rnmmes of flour) into an S-Of. 
wide-mouthed stop{H:red liottle, and )KJur in sco c.c. of rectified spirit : ckMe 
the lK)ttle and let it stand some hours. Then {our off 100 c.c. of the clear 
ii>;uor. add a drop of solution of phenol-phthalein and run in dccinonnal 
*>i>!-.:t:<'n of vM*.i until a pink tirH is pri»<h:('e(l. tiood fresh bread or flour 
should not rei^uire more than 1 c.r. of the s(>da solution to render it alkaline. 

Alum. Mix t'-ji^ther 5 c.r. of frc^My prejured tirirtufc of logwood with 
; c.c. of a s.itura:L*I <>o!'jti' n of or~ti< mI < .irlMP:'..ite t^f ammonia and ^o cc of 
AMter, and at kixmx: {-our it on to a ir.a^s of the }>read taken from the inner 
|Nirt:on of the I'.if. If a fair adulti-ra*.! in <if .iluni Ije present a slate-bhic 
• olfuir will Ikt pr>i4l':<-e<!, ii-.:: if the nm'iunt of a)t:m Ik: small (say less than 10 
jr.iins {1-r 4 lb. h*.i\) trun the co!i*i:r wi!! <n!y ajjicir afier gently warminit 00 
'.he t<i;i uf the ua:cr I'Vcn for some tune. If the prenente of alum lje shown 
>y this test, i:^ ar:; ;:n! nr>t r>e e^^tiriiated as fitllims: tco grammes of ibc 
:'ri:id are MirT-.c! !•> ash :n a pl.it ri'.im d>h. anil when rr»M 5 c.c. of furoiaft 
•;\i!: «■•!..::«■ at 1 ! are a 1 iiiJ, and the tlis*. lia\ir.^ at ohlc l«cen cos'ered by a 
g;!as^ \\.\\%: the whu^c :^ a.luMcd to stand !wr 13 mx.jte^ ; 25 t.c. of water 
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Ifaca added to the dish and its contents are gently boiled for five minutes and 
The insoluble matter (chiefly silicious matter and clay) having Xyttn 
and the washings added to the filtrate, the latter is mixed with 5 c.c. 
of sDOfig liquor ammonia and 40 cc. of acetic acid. The ash of bread 
being ridi in phosphoric acid, the precipitate thus produced will consist of 
ahnnmnim phosphate with some ferric phosphate; and such precipitate must 
then be filtered oflT, washed, dried, ignited, and weighed. If this precipiute 
noc exceed 5 milligrammes it is not worth going farther, but if it does, 
musi then proceed to estimate the iron present in it by the colourimetric 
given at page 1 26. The ferric chloride solution used should contain 
an amount of iron equivalent to one-tenth of a milligramme of ferric phosphate 
m each cc After the iron has been estimated and deducted from the 
original weight of the precipiute, each milligramme remaining may be taken 
at fcpresenting one grain of alum per 4-lb. loaf. 

Alum and other mineral impurities added to flour are best detected by 
ibaking up some of the sample with chloroform in a separatory funnel, and 
luting it stand, when the flour will float on the top, and the sand, alum, 
mineral matters will sink to the bottom. 

6. Kaitard. 

This it chiefly a microscopical matter for the exact identification of impuri- 
9i, but the following chemical operations may be performed : — 

(1) Test a cooled decoction for starch with solution of iodine. 

(a) If surch be found, extract a weighed portion in the " Soxhlet " 
with petroleum spirit or ether. Distil off the spirit, dry and 
weigh the oil. Mustard contains as an ordinar)- minimum 
33 /» of oil, and the amount of genuine mustard in the sample 
will then be found thus : — 

•' of oil found k lOO •, . • * 
« ^^ genuiDe muslAid ; 

by deducting this from 100 the difference is added starch or 
flour. 
(3) Moisten the mustard with a little ammonia, when the turmeric 
brown will be developed if that colouring agent be present. 

6. Pepper. 

Mintral Impurities. Weigh out 10 grammes of the sample in a tared 
platintmi dish and ignite it to a perfect ash, as already dcscrilied under bread, 
and weigh. If the ash does not much exceed 2 per cent, in white, or 5 per 
cent in black pepper, it may be |>assed, but if it does, the contents of the 
dtth must be boiled with diluted hydrochloric acid, and the insoluble matter 
having been collected on a Alter, and washed until free from acidity, is to 
be dried, ignited, and weighed. .Any insoluble matter thus found o\x*r 45 
per oenL may be considered to represent adulteration with sand. 

Tigetabla Impuiltiat. These are rendered visible under the microscope 
bf mounting some of the sample with a drop of an acid solution of aniline 
accute* which stains poivrette (ground olive stones) and other woody im- 
puritict jellow, without aflecting the detection of any rice flour or other cereal 
dbat may be present If they be found we can get a fair idea of their amount 
bf admating the amount of matter soluble in alcohol (resin, piperine, etc), 
in the sample as follows :~ 2 grammes of the pepper are boiled in a long- 
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necked flask with 40 c.c. of absolute alcohol for ten minutes and the lolution 
passed through a filter placed over a large platinum dish, the insoluble matter 
on the filter Ixing washed with another 25 c.c. of alcohol. The dish is 
placed on the water Itath until the spirit has passed off, and the residue is 
dried for half an hour at ioo~ C. and weighed, l^astly, it is placed o\'er the 
" Bunscn *' and ignited, cooled, and agn*n weighc' and the weight deducted 
from the former one. The difference is the weight of the extract, which 
should not l)e less than 8 per cent, in white, or 10 per cent, in black pepper. 
If, for example, the extract of a sample of white pepper, in which rice starch 
had l>een fciund by the microscopic, only amounted to 4 per cent., we should 
then charge it with being adulterated to the extent of 50 per cent. 

In the case of poivrette or excessive bleached pepper husk being found in 
a sample, we boil one gramme for an hour with 100 c.c of water, and a cc. of 
sulphuric acid under an upright condenser for an hour, cool and filter through 
a |)air of counterbalanced filters, wash till every trace of acidity has been 
removed, and dry the filters and their contents to constant weight in the 
water oven. Pure |>ep()er thus treated yields not more than 35 per cent, of 
insoluble matter, while husks and poivrette yield 70 and 75 per cent, respec- 
ti^-ely. The calculation is manifest— thus, suppose a sample (in which much 
husk was seen under the microscope) to show 52*5 i>er cent of insoluble 
matter, it would contain 50 per cent, of added husks. A not uncommon 
recent adulteration of pepper consists in adding ground ginger which has been 
already exhausted by spirit to nuke the essence of ginger. 

7. CoflM. 

If chicory be found by a microscopic examination of the sample— best done 
after lx>iling with dilute NaHO — 10 grammes of the coffee are placed in a 
flask with 100 c.c. of distilled water. The flask is counterbalanced, and then 
boiled for a quarter of an hour. It is then placed on the scales, and the 
original lalance \% restored by adding water. Finally the decoction is filtered, 
cooled to i5'5' C, and its specific gravity is taken. The gravity of purecolTee 
does not cxrecd icctrs. while that of chicory solution is 10217. Supposing, 
therefore, that a decoition showed a gravity of 1015*5, then — 

1021 7 — 10095 = 13*2, inil ICI5-5 — 1009 5 • 60 

therefore— 

13-2 : 6 :: 100 • 49 per cmt of chicory. 

8. Coloured Sweeta. 

The pni^onnus colours are nearly all mineral and insoluble. They may he 
scraped uff. w.ished with water, and identitied by the ordmary methods given 
in Chapter IV. As a rule, at present, only aniline colours are used, arKl they 
arc added in such minute projiortiuns as nut to l>c considered dangi 

9. Direct Eitimation of Stareb in Cereala. 



This dcj>cn*ls i:;-.n the f.i* t that ^Mrrh r>rms an insoluble compound with 
iMriurn. If an ex' c^s if \ ar>ta wa'.er cf known ^tren;:th l>e added to starch 
whirh h.is inen ^i LitiM^ei! in wntt-r. a i'or*»i"n of the Ixinum will combine with 
the stjnh. .irv! i::i-n \*\ eNt: in.it m^ the excess of baryta water left uiubsorbcd 
we <Mn tir.d the a:i.i ;:ri: uki-n up !>y the ^tarrh. Ihe formula of the starch- 
ljar\t.i tn*".ur.d \s C':«ll«(>yj BaO, and it therefore contains 19*1 per ceaL 
of lUO. 
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•% real IICI per looo c 



(«)E 



Tht mmltnmlt rtftiirtd ve : — 

(I) Dtwon—I bjidracUoric •eiJ, conuinbg J-As gniam 
K 'ooT^j BaO fer cadi c^ 

f kept in ■ >pe:u) jar with a barritc pennancntlf aiUchcd. m iliown 
m ihc HJoUnlion below, a it the ju tor tbc baiyta waler, havine a lulw 
■IM^cd eoMJping lamp* of quicklime [o prenni ihc enlrance ol CO, from 
dw air. TIw burelLe (i) u aliachcd to Ihe botlom neck uf the jar br a lube 
banif • pindicock (a) lo admit the leagent, aod a tabs (m) &llcd wiih li 
«f caMtic pouah lo prevent endsDCe oT LO, 



h lump! 



(S) Akefcolie tolatioa of phennl-phlhalein ai ai 

Tit Awau. — The nibiunce is powdered or finely ground in a mill, tnd 
3 pwame* weighed out for Analysis. If (as in the cue of mustard, pepper, 
etc) it cootaint oil or resinous 
bottai, these arc first extracted 
by pcTcolalion with petroleum 
spirit or ether in the "Soxhlet" 
The powder is then well rubbed up 
wiA snccesMve quantities of water 
ondl thoroughly disintegrated, the 
liqnid being transferred to a 350 
CC flask, and 100 c.c. of water in 
an being used to entirely transfer 
the powder from the monar to the 
bsL In dealing with very hard 
snbitances, like Beans, peas, etc., 
tbc water should be used boiling. 
Tbc flask and contents are now 
heated on the water bath for half 
an boar, with frequent shaking, 
to tmtirt/ji gtlatinisi the starch. 
Tbe whole is then cooled, and, 
50 CC of standard bar>-ta water 
banDg been added from the 
bntrtie, tbe flask is corked, well 
ihaken for two minutes, proof 
vfjoiX b added up to the 150 c.c. 
nark, and the whole again shaken, 
tigitfy (ork*d, and set aside to 
settle. While settUng, a check i) 

BiMle on 50 CC. of the bar>U ptt. *s. 

water by shaking up with 100 c.c 

(£ freshly boiled distilled water, in a 150 c.c corked flask, and then titrating 
woh the decinorauU HCI, in the presence of two droi>s of phcnol-phthak-in. 
Tbe number of c.c. of acid used is recorded, giving the total strength of 50 c.c. 
of the baryta water employed. When the main analysis has soitled, 50 c.c. 
of the clear liquid are drawn ofl" with a pipette, rapidly titrated with the deci- 
aormal acid and phenol-phthakin, as in the check, and the number of c.c. of 
and used ii multiplied by 5 and set down as strength of luryta water re- 
gaining uncombined. This latter amount is deducted frr^m the total check 
■ret^th, and the difference in c.c, of acid is multiplied by ■oo;6s, which gives 
BaO combined with the starch. This result now multiplied by 4'»3S3 8'*'^" 
the intount of starch in the 3 grammes taken = x : then 

a pcrecntace ofiUnlL 
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10. Ftm Siilpliiirio Add in Tiatftr. 

To a dilute solution of methyl %-iolet add a drop of vinegar. A blue colour 
shows the presence of a minerad acid in the sample. 

Mix 50 cc. of the vinegar with 25 cc. of volumetric solution of sodiora 
hydrate, made decinormal by diluting the normal volumetric solution to ten 
times iu bulk with water. The whole is evaporated to dryness, and 
incinerated at the lowest possible temperature. 25 cc. of dednormal tolntion 
of oxalic acid (made to exactly balance the sodium hydrate solotaoii) are 
now added to the ash, the liquid heated to expel COt* and filtered. The 
filter is washed with hot water, and the washings having been added to the 
filtrate, phenol-phthalein solution is added, and the amount of free acid aaoer* 
tained by running in decinormal soda from a burette. The number of ex. 
of soda thus used multiplied by '0049 8^^*^ <be amount of free sulphuric add 
in the vinegar. This process depends on the fact that whimtoer ike msh ef 
trimgar has an alkaline reactian^fret mineral acid was und0ubtedfy mksemi. 



CHAPTER XI. 

ANALYSIS OF DRUGS, FIXED AND ESSENTIAL OILS, 
FATS. WAXES, SOAPS, DISINFECTANTS, URINE, AND 
VRINAR Y CALCULI 



DIVISION I. ANALYSIS OF DRUGS. 

L OEVS&AL 



Thb analysts of drugs is so large a subject that only a few of the more 
ooouDonly occurring problems can be discussed in the present volume. It 
viO, however, be interesting, before proceeding to the consideration of special 
to give a sketch of the general method of analysing a vegetable sub- 
used in medicine, following the lines laid down by l3ragendorflr. 

tC«p L Dry a weighed portion of the substance in the water oven until it 
ceases to lose weight 

tC«p IL Pack the dried and powdered substance, mixed with a little 
sand, in a "Soxhlet** apparatus, thoroughly exhaust it with 
petroleum spirit, and cork up and save the fluid extract so 
obtained, marking it a. 

tC«p nL Spread the solid left from Step II. out to dry on a plate of glass 
on the top of the water oven, and when all odour of petroleum 
has passed off, replace it in the Soxhlet, and exhaust it this time 
with perfectly anhydrous ether. Cork up the ethereal extract 
obtained and mark it b. 

lC«p IT. Spread out as before, and when all odour of ether is gone re-pack 
« and extract with purified commercial methyl alcohol, as sold for 

making methylated spirit This is more volatile than common 
alcohol, and is as a rule a better solvent of the articles required 
in this group, while it does not so readily extract glucose, etc. 
It is an article of commerce, and can be specially ordered 
through a purveyor of chemicals as " commercial methol, highest 
strength." Save this alcoholic extract and mark it c. 

tC«p Y. Extract the insoluble matter from Step IV*. with distilled water 
at a temperature not exceeding 120° Fahr., and filter. Wash 
with cold water and save the filtrate (d). 

tC«p TL Wash the insoluble matter off the filter into a large flask, with 
plenty of water, acidulated with i per cent, of hydrochloric add, 
and boil it for an hour under an upright condenser. Let it settle, 
pour off the liquid as close as possible (saving it), and then 
collect the insoluble matter on a filter and wash with boiling 
water, adding the washings to what was poured off. This extract 
is marked e. 
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Stop YIL Once more wash the insoluble nutter from the filter into a lieaker 
and boil it up for an hour with plenty of water rendered distinctly 
alkaline with sodium hydrate. Collect on a weif(hcd filter, wash 
first with lx>iling water, acidulated with hydrochloric acid, and then 
with plain Iwiling water, till no trace of a chloride remains : dry 
in the water oven and weigh, dcduaing the tare of the filter. 
Lastly, ignite the filter and its contents in a weighed platmum 
basin, and deduct the ash so found from the first weight, and the 
difference will l>e a woody fibre in the drug. 

Step VUl. Make a nitrof:fn determination by Kjeldahl's method (page 166) 
on a fresh portion, and the nitrogen found (after deducting any 
due to alkaloids present) multiplied by 6*33 will give the amount 
of albuminous bodies present. 

TrMtment of the Separata Solnticmi.— Each liquid is made to a definite 
number of c.c. wi:h the same solvent, and then an aliquot part, say 
10 c.c, is taken and eva(x>rated, and the residue weighed, to find the tottl 
matter soluble in each solvent The remainders of the liquids are then treated 
as follows : — 

Liquid A. This will .contain chiefly fixed and volatile oils. The spirit it 
allowed to evaporate spontaneously, or in a cunent of cold dry 
air, and the residue is distilled with water, when the volatile od 
passes over, leaving the fixed oil in the retort 

Liqnid B. This chiefly conuins resins, together with 8<4ne bitters* alkaloidt, 
and organic acids. The solution is evaporated to dryness on the 
water luth with sand, and the residue, having been powdcrcd« 
is boiled with water slightly acidulated with HQ. A portion 
of this watery solution is tested for benxoic, cinnamic, salicylic, 
gallic, and other free organic acids, and the remainder is saved 
for subsequent use in (iroup C. The portion insoluble in 
now chiefly represents any resins present in the drug, which 
soluble in ether. These may be further divided and examined 
by the action of alcohol. Kesins are recognised by their 
l>ehaviour with solvents, their odour on warming, and by the 
action of H>S()«, HNOs, HCl, etc., on spots of the solid resin 
left by evaporating the solutions. This matter requires special 
ex]M;rience ; but a description fif the nature and reunions of all 
the princi|al resins will be found in any large book on Materia 
Medica. 

Liquid C. Is evafytrated to a low bulk, and then poured into water Cuntly 
acidulated with hydrcichloric .Kid. Any insoluble matter is 
prot)a!i]y a rt-sin«''.i> lio<iy insuluMe in ether, and is to be 
hi:crcd out and examined as a resin. A portion of the aqtieoos 
s*'Iut:<m is to Ik* te^tcl i<^x t.tnr.in, and the remainder is to be 
n:i\e«.I »i:h the rcscrvcii ■: -i:id from \\ the whole gently c\'aporaied 
to a ron\cntcnt buik, and treated by immiscible solvcnis ai 

Step I. The ii ;i:)'l (whic h vc\M^\ Mill ret.iin a slightly acid reaction) is 
^'hakcn up «ucrrsM\t-!y with rh!<>rofi«rm and ether in a separator 
(^ce f:^ 17. ;\ue €;;». The s.iUcnts are drawn off and erapD- 
rated. and the residues so obtained tested for glucosidet 
bitter princi|>Ies. 
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9^mf TL Tbe liquid remaining in the separator is now rendered alkaline 
with sodium hydrate and again shaken up with chloroform. 
This extracts nearly all the alkaloids. The chloroform is 
evaporated and the residue tested for alkaloids (see Chap. V.). 

II9 IXL The liquid still remaining in the separator is shaken up with 
warm amylic alcohol, which takes out morphine and leaves it 
OQ evaporation, when any residue is tested for its presence. 

UfiUS. Is evaporated to a low bulk and then mixed with twice its 
volume of rectified spirit, when gums precipitate insoluble and 
may be examined, and sugars dissolve and may be estimated by 
^ Fehling.** Saponin also may be found with the sugars. 
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Tbe immiscible solvents usually employed in the assay of alkaloids are 
chloroform, ether, benzin (petroleum spirit), benzol (benzene), and amylic 
alcohol, or a mixture of the latter two called benzolated amylic alcohoL The 
bqaids are not miscible with water, but can be diffused through it by shaking, 
and then separate from it when set at rest It is a general property of 
alkaloids that they themselves are as a rule soluble in all the above solvents, 
while their salts are insoluble. If, therefore, we start with an acid aqueous 
sohitiOfi of, say, ouinine sulphate, and, having added sufficient alkali to set 
free the quinine, wle shake up with chloroform, and then leave the latter to 
settle, the chloroformic layer will contain all the alkaloid. If we then run 
off this layer and shake it up with diluted sulphuric acid, the quinine will 
quinine sulphate, and, being insoluble in the chloroform, will then 

that solvent, and pass to the aqueous layer once more in its original 
The main exception to these rules is morphine, which only comes out 
sttisfactorily from its alkalised salts to warm amylic alcohol. If a drug 
should also contain resinous or other matters soluble in the chloroform, they 
will come into it with the free alkaloids, but will remain behind when the 
dilofo fo rmic solution is acted upon by acidulated water. The process is done 
ia a separator (see fig. 1 7, p. 93), and the following precautions are so lucidly 
described by the U.S. P. that they cannot be improved upon : — 

^lien the solution of an alkaloid, suital)Iy prepared, is introduced into a 
separator, and chloroform subsequently added, the latter, owing to its higher 
^)cdfic gravity, will form the lower layer. If the two layers arc Wolently 
ibaketi together, there will often result an emulsion, which will separate only 
slowly, and often imperfectly. This is particularly liable to happen when the 
sqoeoos liquid containing the alkaloid either in suspension or in solution is 
strongly alkaline, and when it has a h(gh specific gravity. To avoid the 
foniution of an emulsion, the extraction should be accomplished rather by 
r^iid rotation and frequent inversion of the separator than by violent shaking. 
Hlien an emulsion has formed, its separation may be promoted by the 
addition of more of the solvent, preferably somewhat heated, aided, if 
aeoesaary, by the external application of a gentle heat (the stop{>er bein^ 
fCBoved for the time being), or by the introduction of a small quantity of 
alcohol or of hot water. 'Fhe separation of the two layers may also be 
promoted by stirring the lower, chloroformic layer with a glass rod, and 
detaching from the walls of the separator the adhering drops of emulsion. 
On withdrawing the chloroform solution of an alkaloid from the separator, a 

amoont df the solution will generally be retained in the outlet tube by 
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capillar)' attraction. If this were lost, the results of the assay would be 
seriously %'itiated. To avoid this loss, several successive, small portions of 
chloroform should lie poured into the separator without agitation, and drawn 
oflf through the sto|Kock to wash out the outlet tube. Another source of 
loss \% the pressure sometimes generated in the separator by the rise of 
temperature caused when an alkaline and an acid liquid are shaken together. 
On looscnmg the stop{Krr, the liquid which adheres to the juncture of the 
latter with the neck is liable to Ije ejected. This is best avoided by mixing 
the liquids at ftrst by rotation (avoiding contact of the contents with the 
stop|>er). and allowing tlum to become cold before stop|>enng the separatoc. 
The same precautions should be ol>served when an alkali carUmate has Ixren 
used, in place of a caustic alkali, for setting free the alkaloid. In this case 
the liquids should be cautiously and gradually mixed by rotation, and the 
se|>arator should Imt left un.st< >p|K*red until gas is no longer given off. If a 
regular gl.iss sc|jarator is not a\.i liable, and the •quantity of liquid is small, an 
ordinary burette, stopi>ered with a sound curk, may be employed in its place. 



m. ASSAY OF EZTSACT OF VUZ VOKICA. 

ZstrMt of naz voaiea. ilrie«l at lo^ C (212^ K.), tivo ^a.nutet, 

AlMhol. 

AsmoaU wmt«r, 

Waltr. 

Cftlerofora. 

B«ciBor«Al tolpharie acid T.l.\ 

CtatUormal potaaaiaa hydrata T.I., each, a tuf.Unt ffuamiify. 



Put 2 grammes of the dried extrart of nix vomica into a glass separator, add 
to it 30 c.c. of a previously prc|ared mixture of 2 volumes of alcohol, 1 %olumc 
of ammonia water (o'(/)0 sp. gr.) and 1 volume of water, and shake the wcll- 
stop{>cred se{>arator until the extract is d!*«*»<>lveil. Then add 10 cc. of 
(hioroform and ap;itatc during five m mutes. .Mlow the chl<jrt>f«.'rm to se|arate. 
remove it as far as |><^si!ilc. pour into the «>e;Mrator a few c.c. of chlorofonn, 
and, without >hakin^\ draw this oflf through the sto|K;ork to wash the outlet 
tube. Kc{Krat the euraaion wttli two further |N)rtiuns r>f chloroform of 15 c-C. 
each, and wash the outlet tut>e each time as just directed. Collect all the 
chlori >f4>rmic solutions in a wide Inraker, e\pi>se the lat:er to a gentle heat« on 
a water l)ath, until the t hI>>ror.irrn and ammonia are completely dissipated, 
add to the residue 10 c.c. of dciinonnal sulphuric acid measured with great 
care from a burette, stir gently, and then adi! so c.c. of hot water. When 
Si'!u:itin hao taken pla<^e, adil 2 i.e. of bra^:! - win hI T.S., and then carrfully 
run in centin'^rma! |«i!a^^rjm hydrate V.S , until a pi-niuncnt pmkish colour 
is pnxiuced by the a< ti >n of a slight cv c^s i>f alkali u|xin the Ijrxfil-vood 
ir.dscat'ir. I>i\i«ic the numJ>er of 1 r. of centir-.omul {ifKassium hydrate Y.S. 
u^ed by 1 3. ^u')!r.i< t the nitu^cr found from \z cr.e is cc. of decinonnil aod 
u^cd), ir.cl'j^MV the rcnia::;'!cr by z ;: ;/>4 and that pro^tuct by 50 (or, mulnpty 
at o n ce by 1 S 2 1. m 1: 1 • h w : 1 ! give : :i e } ler « c r« ta ^' c of /. -.'ti/ alkahidi in the 
extract of nu\ \om:<a. 1: Scing assume! that strychnine and brucine mre 
present in e ;ual pro;>"r::<m, ami the al>ove factor liCing found by taking ite 
mean of their re»;iei-:i\e molecular weights ri^unded off to whole nunbcn 

U3.U-r Vi4>-*'* -y»4> 

Kxtrac: <>f nu\ vomica, when assayed by the foregoing procc»i should bt 

found to conuin 15 i>er cent of toul alkaloids. 
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17. ASSAY OF CIHCHOHA. 
{A) For Total Alkaloidf. 

in No. 80 (or finer) powder, and completelj dried at 100^ C 
(31 a* F.), twtm/y irmmmis, 

wmUr, 



V«nBal fmlyhvie aaid (Tl.), 

VataaeiwB kydraU V.I.. each, a sufiaeni piantitf. 

To 10 grammes of cinchona, in very fine powder, and contained in a bottle 
prorided with an accurately ground glass stopper, add 200 c.c. of a previously 
picparcd mixture of 19 volumes of alcohol, 5 volumes of chloroform, and 
t volume of ammonia water, stopper the bottle, and shake it thoroughly and 
frequently during four hours. Then separate the liquid by pouring it into 
another bottle through a funnel containing a pellet of cotton, in such a 
manner that no material loss by evaporation may result Transfer too ex. of 
the clear filtrate (representing 10 grammes of cinchona) to a l)eaker, and 
crapomte it to dryness. Dissolve the residue of crude alkaloids thus obtained 
in 10 ex. of water and 4 cc. of normal sulphuric acid, with the aid of a gentle 
beat, filter the cooled solution into a separatory funnel, and wash the leaker 
and filter until the filtrate no longer has an acid reaction, using as small a 
quantity of water as possible. Now add 5 cc of potassium hydrate V.S., or 
sQch an amount as will render the liquid decidedly alkaline, and extract the 
alkaloids by shaking the mixture, first with 20 cc, and then repeatedly with 
10 ex., of chloroform, until a drop of the last chloroform extraction, when 
evaporated on a watch-glass, no longer leaves a residue. Evaporate the 
touted chloroformic extracts in a tared beaker, dry the residue at 100^ C. 
(aia^ F.), and weigh. The weight found, multiplied by ten (10), will give the 
percentage of Mai alkaloids in the specimen of cinchona tested. 

{B) For Qninina. 

Transfer 50 cc. of the clear filtrate remaining over from the preceding 
pcoccas (and representing 5 grammes of cinchona) to a beaker, evaporate it 
to dryness, and proceed as directed in the assay for total alkaloids, using, 
however, only one-half the amounts of volumetric acid and alkali there 
doccted. Add the united chloroformic extracts containing the alkaloids in 
lofotion, gradually, and in small portions at a time, to about 5 grammes of 
powdered glass contained in a porcelain capsule placed over a water l)ath, so 
mat, when the contents of the capsule are dr>', all or nearly all of the dry 
^^iVw^y shall be in intimate admixture with the powdered glass, and the 
chJorolbrm be completely expelled. Now moisten the residue with ether, 
and, having placed a funnel containing a filter of a diameter of 7 cm., and 
well vetted with ether, over a small graduated tube (a), transfer to the filter 
dK ether-moistened residue from the capsule Rinse the latter several times, 
r, with fresh ether, so as to transfer the whole of the residue to the 
then percolate with ether added drop by drop, until exactly 10 cc of 
have been obtained. Then collect another volume of 10 cc, by 
r^ slow percolation with ether, in a second graduated Wiht (b). Transfer 
Ments of the two tubes completely (using ether for washing) to two 
tared capsules, properly marked (a and it) so as to avoid confusion, 
to a constant weight at 100° C. (212^ K), and weigh them. (The 
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residue in A will contain practically all the quinine, together with a portion 
of the alkaloids less soluble in ether ; the residue in B will consist almost 
entirely of these alkaloids.) From the amount of residue obtained in ca|Mule 
A dcdkict that contained in B, and multiply the remainder by twenty (20). 
The product will represent, approximately, the percentage of ^imm (con- 
taining I molecule of water) in the specimen of cinchona tested. 



Y. ESUHATIOV OF ALKALOIDS IB SCALE PSEPAEAnon. 

(A) Eftimation of Quinine in Ferri et Qninins Qtna. 

Dissolve VI 2 (1*1176) gramme of iron and quinine citrate in a capsule, 
with the aid of a gentle heat, in ao c.c of water. Transfer the solution, 
together with the rinsings of the capsule, to a ^eIurator. allow the liquid to 
liecome culd, then add 5 c.c. of ammonia water and 10 c.c. of chloroform, 
and shake. .Alhjw the liquids to se|)arate, draw off the chloroform layer, and 
shake the rcsiduar>' liquid a second and a third time with 10 c.c. of chloroform. 
Allow the c<>mbme>l chloroformic extracts to cva{Mjrate s|K>ntaneously in a 
tared capsule, and dry the residue at a temperature of 100^ C (ata° F.) to 
a constant weight. This residue should weiysh not less than 0*1288 gramme 
(corresponding to at least 11*5 per cenL of dried (]uinine), and should conform 
to the reactions and tests of (]uinine. 

(A) Estimation of Strychnine in Ferri et Stryehnina Citns. 

Dissolve 2*24 (2*2352) grammes of iron and strychnine citrate in a separator 
in 15 c.c. of uater, .idd 5 c.c. of ammonia water and 10 c.c of chloroform, and 
shake. Allow the liquids to se|iarate, draw off the chloroform layer, and shake 
the residuary liquid a second and a third time with lo c.c of chloroform. 
.\lbw the combined chloroformic extracts to eva|>orate spontaneously in a 
urcd capsule, and dry the residue at a temperature of 100° C. (a 12^ F.) to 
a constant weight. This residue should weigh not less than 0*02 gramme 
nor mure than 00 2 24 gramme (corres|)onding to not less than 0*9 nor more 
than I per cent of strychnine), and should respond to the reactions and tests 
of str)'chnine. 

▼I ASSAY OF OPIVM. 

Oyiaa, in any cund it um to be value-l, tern ^^mmts, 

AmB«aU water, thru amJ/z^Umikj ^^h( €imttmuira, 

aiMk«l, 

ltk«, 

Wattr, each, m tufuumi fuantitr. 

Introduce the opium (which, if fa*sh, should l)e in very small pieces^ aad, if 
dry, in very fine powder) into a bottle having a ca|acity Uf about 300 cc^ add 
loo C.C. of water, cork it well, and agitate frequently during twelve iKMirft. 
Then |K>ur the whole as evenly as ]KjS!»ible u{>on a wetted filter tuvinc a 
diameter of 12 cm., and, when the liquid has drained oflf, wash the rendnc 
with water, carefully drop^nrd upon the edges of the filter and the contents* 
until 150 c.c. of filtrate are obtained. Then carefu!ly transfer the moist opiimi 
lack to the U'ttle by means of a sjatula, add 50 c.c. of water, agiute thorooghlj 
and re{>eatedly during fifteen minutes, and return the whole to the BRcr. 
When the liquid has drained off. wash the residue, xs )>cfore, until the aeoond 
filtrate measures 150 cc, and finally collect at)out 20 c.c. more of a ihnd 
filtrate. Eva|)orate in a Urcd ca|Hule, first, the second filtrate to a 
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mhmie, then add the first filtrate, rinsing the vessel with the third filtrate, 
and cootinue the eraporadon until the residue weighs 14 grammes. Rotate 
the concentrated solution about in the capsule until the rings of extract 
are redissoU'ed, pour the liquid into a tared Erienmeyer flask having a 
capacity of about 100 cc, and rinse the capsule with a few drops of water 
at a time, until the entire solution weighs ao grammes. Then add 10 
(or la'a cc) of alcohol, shake well, add 25 cc of ether, and shake 
Now add the ammonia water from a graduated pipette or burette, 
rr the flask with a sound cork, shake it thoroughly during ten minutes, 
and then set it aside, in a moderately cool place, for at least six hours, or 
Ofcr-night. 

Remove the stopper carefully, and, should any crystab adhere to it, brush 
them into the flask. Place in a small funnel two rapidly acting filters of a 
of 7 cm., plainly folded, one within the other (the triple fold of the 
filter being laid against the single side of the outer filter), wet them 
wen with ether, and decant the ethereal solution as completely as possible 
cpOD the inner filter. Add 10 cc of ether to the contents of the flask, rotate 
s:, and again decant the ethereal layer upon the inner filter. Repeat this 
operation with another portion of 10 cc of ether. Then pour into the filter 
the liquid in the flask, in portions, in such a way as to transfer the greatei 
pofftion of the crystals to the filter, and, when this has passed through, transfer 
the lemaining crystals to the filter by washing the flask with several portions 
of water, using not more than about 10 cc in all. Allow the double filter to 
drain, then apply water to the crystals, drop by drop, until they are prac- 
ticaOy free from mother-water, and afterwards wash them, drop by drop, from 
a pipette, with alcohol previously saturated with powdered morphine. When 
thji has passed through, displace the remaining alcohol by ether, using about 
locx^ or more if necessary. Allow the filter to dry in a moderately warm 
place, at a temperature not exceeding 60^ C. (140^ F.), until its weight 
remains consunt, then carefully transfer the crystals to a tared watch-glass 
and weigh them. 

The weight found, multiplied by 10, represents the percentage of crystallised 
line obtained from the opium. 



▼n. ASSAY OF SZTBACT OF OPimi. 



Bstraattf^flma, dried at 100* C i%\'f Y ,\ fntr grammit, 
wmttr, tw§ mmd tw^tniks cubic tentiwutrts. 



Water, each, « tm/Uitni fUAmtitym 

Dimolve the extract of opium in 30 cc of water, filter the solution through 
a iouil filter, and wash the filter and residue with water, until all soluble 
are extracted, collecting the washings separately. Evaporate, in a 
capsule, firat, the washings to a small volume, then add the first filtrate, 
and evaporate the whole to a weight of 10 grammes. Rotate the concentrated 
aolBtion about in the capsule until the rings of extract are redissolved, pour 
the liquid into a tared Erlenmeyer flask having a capacity of about 100 cc, 
rinse the capsule with a few drops of water at a time, until the entire 
weighs 15 grammes. Then add 7 grammes (or 8*s cc) of alcohol, 
well, add 20 cc of ether, and shake again. Now add the ammonia 
from a graduated pipette or burette, stopper the flask with a sound cork, 
it thoroughly during ten minutes, and then set it aside, in a moderately 
cool place, lor at least six hoursy or over-night 
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Remove the stopper carefulljr, and, should any crystals adhere to it, brush 
them into the flask. Place in a smaJl funnel two rapidly acting filters, <d a 
diameter of 7 cm., plainly folded, one within the other (the triple fold of the 
inner filter Icing laid against the single side of the outer filter]^ wet them well 
with ether, and decant the ethereal solution as completely as possible upon 
the inner filter. Add to c.c of ether to the contents of the flask, rotate it» 
and again decant the ethereal layer u|x>n the inner filter. Repeat this 
operation with another portion of 10 c.c. of ether. Then pour into the filter 
the li<}uid in the flask, in portions, in such a way as to transfer the greater 
|>ortiun of the cr)'stals to the filter, and, when this has passed tluough. 
transfer the remaining cr>'sta]s to the filler by washing the flask with several 
|K>rtions of water, usmg not more than al)OUt 10 c.c. in all. Allow the double 
filter to drain, then apply water to the cr>'stals, drop by drop, until they are 
practically free from mother* water, and afterwards mash them, drop by drop, 
from a pipette, with alcohol previously saturated with powdered morphine. 
When this has passed through, displace the remaining alcohol by ether, using 
about 10 c.c, or mure if necessary. Allow the filter to dr)' in a moderately 
warm place, at a temperature not exceeding 60' C. (140** Y,\ until its weight 
remains constant, then carefully transfer the crystals to a tared watch-glau 
and wei^h them. 

The weight fi.iund, multiplied by 25, represents the amount of crystallised 
mor^jhine obtained from loo grammes of the extract 



Vm. ASSAY OF TIVCTURB OF OPIUM. 

Tlaetaro of epiwa, #im kundrtA culu cmtim%ttrtt. 
Amaoaia watar, thru and fix t-Umtht mhit fimtiatftrtu 
Alcohol, 
Itkar. 

Wator, each, m m0LunI ^mamfi/jr. 

Eva])oratc t!ie tincture to al)out 30 c.c, add 40 c.c of water, inis 
thoroughly, and set the liqui<l aside for an hour, occasionally stirring, and 
tlisinie;:ratin^ the resinous flakes adhcrini: to the capsule. Then filter, and 
wash the filter and residue with water, untii all soluble matters are extracted. 
collecting the washin^^ se|)arately. Kva|Kirate in a tared ca|}sule, first, the 
washings to a sma!l voj-jme, then add the first fi!;ratc, and evaporate the 
whole to a weight of 14 gninmes. Rotate the rr>ncrntratcd solution about 
m the r.i{>sule until the rin^s of extract are redissnivtd, |K>ur the lit^uid into a 
tared Krlcnmevcr fl.isk h.i\in^ a casacity of alx'Ut too c.c, and nnse the 
<:.ipsule Hii;i a few dro(.s of water at a time, until the entire solution weighs 
20 ksranimes. Then add 10 grammes (or 127 c.c.) of alrohol, slake well, add 
J 5 c.r. of ether, and shake a&:ain. Now adtt the ammonia water from a 
.:radu.k:etl piiNtte or burette, sfiji^i^r the flask with a sciund cork, shake tf 
:h4nuu.:h.l> durin,: ten minutes, and then set it aside, in a moderately cool 
I'lace, f'>r at lea*-t •>:& ho'^r^. nr o>er-ni^h!. 

Remove the ^t 'piier ckrefi.liy, and, shi'uld any cr>-sta!s adhere to it, brush 
them into the l!a>k. TI.k e m a small funnel two r.ipidly acting filters, of a 
diameter uf 7 (in., plj.r.iv fi>ide<l. one «it:;in t};e other (the triple fold of the 
inn<.r filter tK.r.^ laid a*;.iiii^t liie single side tif the outer filtt-r;, wet then well 
with eth- r. anil dm ant the ethereal s-^lution as completely as possible upcm 
the in:.i-r tilli-r. Ad! is c.f. of ether to the oditents of the flask, rotate if, 
ar.d a.:un !:«.« .4n: ti'.e e:i'.e:«..i! layer u^-^n the inr.er filter. Repeat this open* 
tion viilh another (K/rti«^n uf 10 c.c of ether. Then pour mto the fihcr the 
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bqoid in the flask, in portions in such a way as to transfer the greater portion 
ci the crystmb to the filter, and, when this has passed through, transfer the 
wiaining crystals to the filter by washing the fiask with several portions of 
water, iBing not more than about 10 c.c. in all. Allow the double filter to 
dRun, then apply water to the crystals, drop by drop, until they are prac- 
tically free froin mother-water, and afterwards wash them, drop by drop, from 
a pipette, with alcohol previously saturated with powdered morphine. When 
ihM has poned through, displace the remaining alcohol by ether, using about 
ID ex., or more if necessary. Allow the filter to dry in a moderately warm 
at a temperature not exceeding 60^ C. ( 140^ F.), until its weight remains 
then carefully transfer the crystals to a tared watch-glass and weigh 



The weight found represents the amount of crystallised morphine obtained 
from 100 ex. of the tincture. 

If 100 cc. of tincture of opium be assayed by the above process, it should 
yield from i '3 to i '5 gramme of crystallised morphine. 



OL BSTIMAnOV OF THE 8TREV0TH OF SE8IH0U8 DEU08. 

Take 5 to 10 grammes of the drug in powder, and place it in a strong glass 
flask with 100 cc. of rectified spirit. Close the flask with a good cork, and 
digest it in a warm place at about 50° C. for twelve hours, shaking from time 
to time. Pour or filter off 80 c.c. (representing ^j^ of the total drug taken), 
puce it in a weighed beaker, and evaporate to 25 c.c. on the top of the water 
hath. Now add 50 cc. of distilled water, and boil gently over a low gas 
ftame till all the alcohol is driven ofi*. I^t it cool and perfectly settle, pour 
od* the supernatant liquor, wash the deposited resin by decantation with hot 
dntilled water, and then dry the lx:aker and its contents in the air bath at 
105" C and weigh, deducting the tare of the beaker. Thus treated, jalap, 
far example, should show from 9 to 1 1 per cent of resin, of which not more 
than one-tenth should be soluble in ether. Scammonium, on the other 
hand, should yield 70 per cent, of resin, entirely soluble in ether, and also m 
loiution of potash, from which latter it is not re-precipitated by excess of 
dihitcd HCl. 



IXAXDrAnOH OF A TIVCTTnLB OE OTHER ALCOHOLIC LIQUOE 
FOE THE PEE8EHCE OF MSTHTLATED 8PIEIT. 

Tbe alcoholic liquors are first to l)e distilled until a part of the spirit has 

over and the distillate treated as follows : — 
About 3 cc. is placed in a small flask fitted with a cork and a tube having 
two rectangular bends, with one end dipping into a test tube kept cold by 
lamcrston in water, and to the flask are added 3 grammes of potassium 
tiKfaromate and 2*5 c.c. of sulphuric acid diluted with 20 cc. distilled water. 
Tae mature, after standing for twenty minutes, is distilled at a gentle heat, 
nearly the whole has |>assed over. .Sodium carlx>nate having been 
to the distillate till it is slightly alkaline, the Ii(]uid is evaporated in a 
basin to about half its bulk, and, havmg been acidulated slightly by 
aod, is transferred to a test tube, heated gently with twenty drops of a 
cent, solution of argentic nitrate for a few minutes, when any decided 
(due to the discoloration of the fluid, and the separation of a blackish 
prccipiUle of metallic silver) indicates the presence of methyl alcohol in the 
thus tested. In the oxidation of ordinary alcohol, a trace of formic 

«3 
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acid is formed by secondar>' dccom|>osition ; consequently a distinct frtcifiiate 
must ht obtained bffore the sftrit can. with certainty^ be frommneed to be 
methylated. 

When this process has to he apphcd to sweet spirit of nitre, the ethyl niinte 
must be first ^ot rid of, as follows : 

Take a little of the spirit and place it in a l)ottle with some dr>' |KiCasstum 
carbonate, and shake up Let it settle, and take al>out two drachms of the 
strong spirit which se|wi rates. Saturate thi«i with calcium chloride, and distil 
on a water luth, rejc* tin^ the distillate <ethyl nitrite, etc.). Add a little 
water to the contents of the retort and distil again, when the pure spirit will 
<-onie over, and a |M)rtion may then l>e tested as above directed. Really it is 
the most simple thin^' to saturate the strong spirit with the calcium chlonde 
in a little basin, and then to put it on the water bath until all odour of 
nitrous ether rcavrs to be evolved, and then to add the water and wash into 
the distilling tbsk. 



XI. AHALT8I8 OF FIXED OILS AHS FATS. 

This is .1 matter rejuirin^* the k' realist pr art ire and exiKTiencc, and, 
unfortunately, it is still [los^ible ^^o td sfiphisiicate dear with chea|Mrr oils as 
to practically defy definite analysis. If. hi)we>er. we confine our attention tu 
the ordinary fixed oils of the H T.. we can ^et a very fair idea of their purity, 
or otherwise, by applying the foliowin^; me'hiKts -.-^ 

(I) Specific Ormvity. (.n In th^ M/fc* .>/ i'tl<, this is to be taken in the 
usual way .it \yi ('. The aver.ige ^'ravities nf the common oils are - 

Alini*nil - - '915 t" 9^- 

('a»tiir ... 950 ,. '970. 

Ci«i li\cr ...... fyio ,, 925. 

C'»tlon a ci'inmnn a i'j!rrr.-in! '922 ., '9J9^ 

I.in««nJ '9jO ,, '940. 

Oli\c '915 „ -91*. 

ii ) In th( i.iif vj j.'.'/j /1//1, we melt t:;em. .ind uke their gravity either at 
38' C. or at the boilin;: pi>int of \»:iter. 1-or a |»erson not contmually 
o(K.'rating with <>iN, the Litter is the more likely to give good resuhs, and may 
Ik: worked in the tolKiuin^ ir..ir.Rcr 

Take an ordinar\ s}ieciti<- ■^ra\ity !M>*tie with a well tittin^: perforated stopper, 
and also a deep basin tajiab'.e of h'^din^ a pMid deal more water than will 
• |Uite cover the iHiitle. ('h.irk:e the b.isin with <ti>tilled water, and put it orer 
a gfKMl gas flame, so that it is rapully heated to boiling |>oint. 

Melt the fat. and rharge the s{K:cific-gravity Umle witn it in the usual vay, 
and then, holding it with .1 |air of wfioden tongs plunge it into the water io 
that it lies on its Mde. entirely immersed, with us neck (>ointing downwardft. 
The melted fat expands, and, {assmg through the hole in the ftoppcr, 
absolutely prevents the tntrame uf any of the w.iter, which must be kHi 
irt%kl\ t^tiiir,^ /or turnfy rPiinutfi. The l»'>tlle is then fished out, rapiefiy 
wi|H:d dry, iiK>!ed, .ir.d Hei^rhei 'I he weight of the empty bottle hanQg 
inren detluctet!, th*.- Ijaiur.i e gi\c-^ the weight nf fat it holds at the tem pcra t ui c 
i»f b':>iling water, whith. (l:vide<l b> the weigh* of water that the IxNtle holdi 
r.nder the ^^aine < or.«iitii n^. ^:\es a vL:m< leRtiy a< • urate gravity for all ordinary 
p'jr|K>ses. I huN !reate«l :hie fo!;»ii»ing ^ijxA fats j;i\c — 

liu'.trr 867 to -S^a 

Iai.: ... huo .. 'hoi. 

< oi.!'. luttcr .... -^57 „ -85IL 

hccf fat . ... h57 „ -»5^ 
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<i) Hakl*t Iblhod of Iodine AbMrption. Soiutions, etc.» required :— 

(I) A tohitkNi of 2$ grmmroes of iodine and 30 grmmines of mercuric chloride, each 
dtiaolv«d in 50OC.C. of B.P. absolute alcohol, and the latter added to the formef. 
The mixing is to be done twelve houn before use. This is called ** llobl's ** 
reagent. 

(I) A volumetric lolntion of sodium thiosulphate* made bj diluting the ordinary D.P. 
solotioQ with an equal bulk of water, and then stanoardising against flecinormal 
solatkn of iodine, so that 2 cc of the ** hypo " corresponds to I c.c. of the iodine, 
and theft fore reoresents 00635 of iodine. 

(3) A light stoppered tlask of known weight, capable of holding about 50 c.c. 

(4) An ofdtoaiV stoppered la-oz. bottle. 

(5) Pore chloroform. 

<6) Thin starch mucilage. 

The oil or melted fat is first weighed into the stoppered flask, taking under 
3 gmnme of linseed, cod-liver, or any " dr>'ing " or fish oil, under 4 gramme 
of olive or almond, and under 8 gramme of lard or other solid fat. To 
this is added 10 c.c. of chloroform and 25 c.c. of the '* Hub! " solution. If 
the liquid is now turbid, another few c.cs. of chloroform must l)e added till 
It is quite clear. It is then stoppered, and put away in a dark place for at 
least eight hours. At the same time a similar flask is charged with 25 cc. 
o£ " Hubl," and the same volume of chloroform as employed in the former 
case, and put away with it. At the end of the time 20 cc. of a 10 per cent, 
solution of potassium iodide are added to the flask containing the oil ; the 
whole is then transferred to a i2-oz. bottle, and, with the rinsinj^s, made up 
to 150 cc. with distilled water. It is then titrated with "hy()o " in the usual 
way. closing the l)ottle after each addition and shaking violently, so as to act 
on the iodine dissolved in the chloroformic layer at the bottom. The other 
^bsk, containing the check experiment, is treated in exactly the same way, 
and the difference between the volumes of " hypo " used in the two exjKri- 
ments is calculated to the iodine it represents, and the result calculated to 
percentage from the weight of oil started with. The important |K>int to l)e 
otserved is that there must be a large excess of iodine over that actually 
re«|uired, so that, after standing, the contents of the flask do not seem to l)e 
much lighter in colour than at starting. Thus treated, the oils and fats 
r e fcn ed to above show : — 

Per cent, of lodioc steorbcd. 

Almond 98 tu 99. 

Castor ^ tt 84'$* 

Cod liTcr >5*7.. 166-6. 

Cotton ..... 106 „ no. 

Ijnsccd 173 t. i**7- 

Olive 79 tt l>09- 

\jkf\\ 52 ft 62'$. 

Beet fat 34 .. 4$. 

(3) fcpwHIwition BqiiiTalant (Kcettstorfer's process). Sip/y/wns, etc., 
reqoiied: — 

(I) A solation of 28 grammes of pure potassium hydrate in I litre of B.P. absolute 

alcohoL 
(a) Accorate scminormal hydrochloric acid (18*2$ grammes real IICl )Kt litre). 
(3) A slroog glass flask, holding 100 c.c , cajable of standing pressure, and furnished 

with a good cork. 

The flask b counterbalanced, 2*5 grammes of the oil or melted fat are 
into it, and 25 cc. of the potash solution are very accurately added 
a delicate burette. The flask is closed, placed on the top of the 
oven, occasionally rotated until all the fat is completely dissolved and 
A little alcoholic solution of phenol-phthalem havmg ))een added, 
the whole is titrated with the acid until just colourless. At the same time a 
bbak experiment on another 25 cc. of the potash is made side by side, and 
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the difference lictwccn ihc two titrations is calculated to KHO by multiplying 
the num))er of c.c. of difference by '028, and then calculating to perrentage 
'I1iis is, however, sometimes expressed also as a *' saponification equivalent." 
by dividing the weight c)f fat taken, expressed in miiiip^mmes by half the 
nunil)er of c\c. of arid found as the difference l)etween the two experiments. 
Thus treated, the fats and oils already mentioned show : — 

Per cent, of KHO neulraliiM^. 

Almond 19'$* 

C'x^tiir . . 1771 to iH-oj. 

l"*-! liver iX-^I „ iS-j^i. 

<*«»ni>n IO*'>Q .. I9"3S 

I.in«ml .... Vi'oo .. iQ'lH. 

ojivc ... iK-oo ,. ig la 

I«ard .... |()'30 ,, l9'(o. 

<*mt:Ai> liuttri .... 1032 ,, ig'^^n. 

liert Ut I«>-Ho ,. lo*O.H. 

(4) Speeifio Heftting Power. Tho process consists in placing 50 grammcc 
of the oil or meltcil fat in a glass cylinder, immersing a thermometer, noting 
the temperature, and then causing 10 r.c. of str4>ng sulphuric acid, l>rought 
tr) exactly the same temperature as that of the oil, to flow slowly in from a 
stop|)ereti burette, stirring with the thermometer all the time, .ind noting the 
extreme |>oint to which the mercury rises. The ex|>eriment is then repcateti 
under f.xii.th the same condith^ns, using 50 vx. of distilled water instead of oil. 
and the rise is again noted. I«istly, the risi* in tcmfieraturc otxser\'ed with 
the oil is divided by that shown with the water. The stop|K.*r of the txirctte 
should l)e so set that it takes L*\.ictly one iiunute to deliver loc.c. of acid. 
The following are some 1 haraitertstic results 

Watci foo. 

Castiir '89 til '92. 

('••1 livrr 1*46 ,. 2 72. 

<'ii*!cin .... 1*63 ,, 170 

IanM-r«l . . 3*2o ., V4Q- 

» »livc ... ■ . *Kq .. '94 

The rise 1^ so great with Im^t-ed oil. that it is Ixrsi to work upon it after 
diluting it '>'//' half with a mineral tul, pn-viousiy found to give only a slight 
definite risr. and to make a correction. 

(^) Some Uiefal QtialiUtive Teste for Oili and Fate at tm^ojed by 

the U.8.P. 

{a) hr C'ttn Sf^J Oil r /\if^ tr O/n-^ Oil and I.ard (^CQr\\\s \c^). To 
5 grammes ^f the oil or iiK-ltrti fat m a tulx* add 5 r.c. of a 1 per cent 
solution of AgNt )j m f*yre alruhol •»( «|2 jH.-r *ent. /de<xi«>rise<l alcohol U.S.P. i, 
add one drop nf strong nitric a< iil, shake thoroughly, and place the tube in 
b filing water for 5 to 10 minute^, shakin.: at intervals. If pure, no redduh 
or brownish tint shi»u:>l Ix* priMlui ed in the oilv la\er. nor shfMiId anT dark 
• olour y^: j-r-wli;! ed a! the line of ri»niart of thr li'|ui«!>. 

»A) Tot t T V».i";' ( Vi" If 5 1 c. of thi- oil lie shaken with an eqiul 
volume of < fuy-rruntrd hviir<M iworn .ti t.!. th«- latter will usually aMuroe a 
bright etijrr.ilii ^rccTi <oIiM;r. esjK-i ia!l\ if ifir oil has Iw-en exposed for tome 
time to the .it t ton of .iir .in<! ii«:ht . an>l, on the s ;)ise'pient addition of about 
o 5 iiraii.me of sugar, .md a^ain shaking tiu* mixture, a blue colour, chaoKinie 
to violet, ar.ii fin.ill\ to ii< rp < rinisim. will be priMluie<l. This lett is due In 
the pr<Miu< t:im and anion ^A turtur /, and many analysts prefer to uie a t per 
eent solution of furfuril in siiirit insteail of the su^.ir When it 1% de sif ed to 
ileteet sesame oi] m fither oils or tats alxmt 30 < .c. «>f the oil should be 
sa (Mini tied by 23 cc of 25 |)er cent, alrohohc solution of iwjcassium hfdraie. 
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diltaed with aoo cc of water, and freed from alcohol by boiling. On 
lopcrsaturating the solution with diluted sulphuric acid, the fatty acids 
will form a Uyer on the surface, and these having been separated as far as 
pomble, free from water, and filtered, 5 cc of the clear filtrate is taken for 
the fiirfrirol test as above. 

(*') Tests far other Otis in Castor Oil. (1) If 3 cc of the oil l)e shaken for 
a few minutes with 3 cc. of carbon disulphide and i cc of sulphuric acid, 
the mixture should not acquire a blackish-brown colour. 

(31 Soluble in an equal volume of alcohol of '820 sp. gr. at 15*5^ C!., 
and. in all proportions, in al>soIute alcohol, or in glacial acetic acid ; also 
soluble, at 15° C (59^ F.), in three times its volume of a mixture of 19 volumes 
o^ alcohol of *82o sp. gr. at 15*5^ C. and i volume of water (absence of 
more than about 5 per cent, of most other fixed oils). 

KJ") Tests for Purify of Almond Oil. If 2 cc. of the oil l)e vigorously 
shaken with 1 cc of fuming nitric acid and i cc. of water, a whitish (not red 
or brownish) mixture should be formed, which, after standing for some hours 
at about lo'' C (50^ F.), should separate into a solid, white mass, and a 
scarcely coloured liquid (distinction from the hxod oils of apricot and feach 
kermels^ and from sesame^ cotton-seed^ and poppy-seed oils). 

If 10 cc. of the oil be mixed with 15 cc of a 15 per cent, solution of 
sodium hydrate and 10 cc. of alcohol, and the mixture allowed to stand at a 
temperature of 35^ to 40° C. (95^ to 104^ F.), with occasional agitation, until 
It becomes clear, and then diluted with 100 cc. of water, the clear solution 
thtis obtained, upon the subsequent addition of an excess of hydrochloric 
acid, will set free a layer of oleic acid. This, when separated from the 
aA)ueous liquid, washed with warm water, and clarified on a water bath, will 
remam liquid at 15^ C. (59 F.), although sometimes depositing (Kirticles of 
solid matter and becoming turbid. One part of this oleic acid, when mixed 
with I volume of alcohol of '820 sp. gr., should give a clear solution, which 
at 15' C. (59^ F.) should not deposit any fatty acids, nor become turbid on 
the further addition of i volume of alcohol (distinction from olifey arachis^ 
^^ittom-teed, sesame, and other Jixed oils). 

ie) Tests for the Purity of Linseed Oil. If 2 cc of the oil be shaken with 
I cc. of fuming nitric acid and i cc of water, it should neither completely 
nor partially solidify, even after standing for one or two days (al)sence of 
m0m-Jrying oils). 

If 10 cc of the oil, contained in a small tlask, be mixc<l with a solution of 
3 grammes of potassium hydrate in 5 cc of water, then 5 cc. of alcohol 
added, and the mixture heated for a)K>ut five minutes on a water Ixath, with 
occasional agitation, a dark-coloured but clear and complete solution should 
be obtained. If this liquid l)e diluted with water to the measure of 50 cc. 
Chen cooled, and shaken with 50 cc. of ether, the clear, ethereal layer, after 
having separated, should not show a bluish fluorescence, and, when carefully 
decamed* and allowed to e\*aporate spontaneously, should leave not more 
than a s^ght^ and not oily, residue (al>sence o( ptirajfin oils). 

{J^ Tests for Purity of Oil of Theobroma. If i gramme of oil of theobroma 
be difiolved in 3 cc. of ether, in a test tube, at a temperature of 17^ C. 
163' F.), and the tube subse(]uently plunged into water at o C. (32 F.), the 
ht^ud should not become turbid, nor deposit a granular mass in less than 
mmutes ; and if the mixture, after congealing, be exposed to a tempera- 
of 15° C. (59^ F.)f it should gradually form a perfectly clear liquid 
ii part^Hj wax, stearin, tallinv, etc.). 

(6) HiMrmI (HI, Soft Paiai&n, or other Unaaponifiahle lUtten in Fata. 
TcB giammea of the fat may be saponified with 50 cc of normal alcoholic 
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potash (5 6 per cent.), as directed al>ove (§ 3). The alcoholic liquid is diluted 
with water, and some sodium bicarlxmatc having l>een added (to convert the 
excess of raustic alkali into carl)onate), the whole is poured into a hasin, into 
which some clean sand has liccn previously placed, and e\'aporated to dqmeu 
o\er the water Ijath, stirrmg well t«>wards the end of the (>rocess. The dry 
residue is then scraped off the lias in into a dry bottle, and 200 cc. of ether 
(or |K*trt>Icuni spirit) having l>een added, the (x>ttle is closed and shaken 
from time to time, and then set aside for twelve hours to settle. 100 cc. 
are poured off clear into a weighed l)asin, and the solvent l>eing driven oflf 
by a gentle heat, the roidue of mineral oil, |)arafhn, or unsaponitiiaMe matter 
is weighed. All fats contain some small trace of unsaponifiahle matter, but 
mineral oil or soft (Kiraftin are easily recognised by their characters when 
thus is«>Iated. 

(7) Free Acidi in Fate. If some phenol-phthalein t>e added to rectified 
spirit, and then exree«!ingly dilute soda added dri>p by drop till a faint pmk 
is produ«-ed, and the oil or fat l>e intrfHluced, and the whole warmed and 
shaken, the ruloiir will disappear in the presence of any free acid. To 
estimate its amoiint a wei^hcil ipiantity is treated in the same way, and 
titrated with decinorinal ^inia till the pink is restored. Kach cc. of ^^ soda 

'02)^2 oleic ai id t>r '02S4 of stearic acid. The H.i*. employs this method 
to find that the free fatty acids in wool fat are not excessive. It takes 5c 
grains dissolves in ether, adds phenol (ihthalein. and uses two grain measures 
of «t;rwii/so<ia. 

(8) Eitimation of Oleie Aeid. One gramme of the impure fatty acid is 

sa|>onihed in a l>asin by heating with a slight excess of alcoholic jiotash 

till dissolved, and then diluted with water. This sulution is treated with 

acetic acid drop by drop, until on stirring a faint pfrmtinent turbidity ensues. 

Dilute solution of ]>otass!Ufn hydrate is then stirred in drop by drop till 

the lic]uid just clears up. and then snlutpm f>f plumbic acetate is stirred in 

until precipitation ceases. The precipitate having l>een allowed to settle, 

the sufiernatan; li'juor is |>oured off and the so.ip washed once with Ijoil- 

ing water. .V httle dean sand i» rublied up with the soap in the lasin, 

and the i^hole scra|>ed out and transferred to a "Soxhlet,** in which it is 

thoroughly exhausted with t^o c.r. of f^ur^ ether. The ethereal solution 

(which nrm < ontains only plumlii«' oieate, the p'.!:mbir (lalmitate and stearate 

iKMng left inNiiluble in the "."soxhlct '» :s tr.inNferre<i to a s[>ecial apparatus, 

sold by apparatus \endors as " .M;:ter\ oleine tulie" This is a graduated and 

stoppered tulK- holding 120 f c, and havirip: a >}N)ut and stopcock at 50 cc. 

from its (use. Trexiousiy to intrMiunn^ the ethrr. place 20 cc. of dilute 

hydrochloric acid (1 in 3) into the tu^ie, ami then make up the whole with 

ether rinsings of the liasin to the 120 * c. mark, (.'lose the tulie, shake well, 

and set aside. When settled, note the full \o!ume of the ethereal solution 

of oleic acid, and run off an ali*juot part from the tap into a weighed dish. 

eva{xirate, dry in the water o\*en, .ini! wi-uh. Finally calculate this weight 

to tluit of the whole Imlk of elhi-real sol l:: ion pre\iously noted, thus getting 

the amount of real oleic a' :•! present m the gramme of 1 rude acid started with. 

(i)) Detection and Eetimation of Armchidic Acid. This l>ecomes neocssarr 

when 1: IS de^ireii to iletc : the pri -i-n- r *>{ t^r.'unJ nuf tu/ in ohsx or other 
seed oils. The «!ramme*» of the fi; are treated exartlv as above directed for 
the estinutii n of u!ei(. .k i<i up t-i t:.e {•«>ir.t of extraction with ether. The 
residue iefc in the "Soxhlet" «*i>ntair.s p!\:ni^ic arai hidate if ground-nut ml 
lie presiT.t This reMilue i^ su'^iK-ntici! in hut water and acidulated with HC1. 
when the fret- fatty aiids rloat to t;.e t-p anil form a cake on cooliDg. This 
cake is dissolved by heal in 50 cc. of 90 |H:r cent, alcohol, and 
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aay anchidic acid is deposited in crystals. Filter these crystals ofT, and wash 
them on the filter, first with a limited and measured number of c.c. of 90 per 
cent mlcohol at 20^ C, then with 70 per cent alcohol, and finally dissolve 
ihem by pouring l>oiiing absolute alcohol on the filter, receiving the filtrate 
in a tared dish or flask. Evaporate to dryness on the water bath, and weigh 
the residue, consisting of crude arachidic acid. Add to the weii;ht thus 
oiiuined '00045 ^^^ ^^^ ^•^' ^^ ^^ 9^ P^^ ^^^^' alcohol used (that licing the 
winbility of arachidic acid in such alcohol at 20^ C). Finally the amount of 
inxNind-nut oil present in the sample may Ix! found l)y multiplying the weight 
1^ the acid bv 20. 

(10) IrtinatiOB of Bodn Oil in Fata. This process depends upon the fact 
that, when an ordinary oil is acted u{K)n by bromine in the dark, little or no 
substitution of bromine for hydroi^en takes place, and consejucntly there is 
only a ver>' small production of hydrobromic arid, while with rosin oil and 
resin itself all the aaion is one of substitution, and, conse(]uentIy, each mole* 
4 ulc of hydrobromic acid formed must represent an atom of substituted bromine. 

0*5 gramme of the oil is dissolved in a little rarl>on tetrachloride, and placed 
in a 500 c.c. bottle with an accurately ground stopper. To this is then added 
half a c.c. of bromine dissolved in 50 c.c. of carU)n tetra<:hloride, and the 
whole is put away in the dark for eii^hteen hours. The l)ottle is then placed 
in ice, and a short piece of india-rubl)er tubing having been slipped over the 
neck, so as to form a well round the stop|>er, this receptacle is filleti 
■ !th distilled water, and the stopper is carefully o{>ened, so that the water is 
Micked into the bottle without loss of hydrobromic acid vapour. The 
.ntroduction of water is continued until 25 c.c. have l)ecn run in, and the 
boctle is then well shaken. Some ()otassium iodide having been added, with 
75 c.c. more water and some starch water as an indicator, just sufficient solution 
of sodium thiosulphate is added until all colour i^ entirely removed. The 
contents of the lK>ttle are then transferred to a separator, and the aqueous 
pjfftion IS run therefrom (through a filter if necessary) into a white basin and 
ncratcd with |q NaHO, usin;; methyl orange as the indicator. The number 
of c.cs. of soda used, multiplied by 1*6 (/>., 008 x 200), givts the ** bromine 
vjfaatitution figure." For rosin oil this figure averages 57-5. consequently 
•575 of ** bromine substitution " represents 1 \ytx cent, of rosin oil in the 
ipk*. For linseed oil the results will l>e found very accurate, but, when 
dealing with oils generally, it is well to allow somethmg fi»r slight natural 
ivlMtitution, and it is therefore wise to overlook any ** bromine substitution " 
r^' earned under i per cent. If the blue colt)ur should return during the 
w/^aration and filtration of the aqueous liquid, in>)re thiosulph.ite i^ to be 
aided before titration. The titration is more delicate when a measured 
cicess of 1^, soda is added and then checked batk with ,^q HCl. 

Zn. AVALT8I8 OF WAXES. 
I. leaa' Wax. («j) Apparktus rk«juirki>. 

1 1) .\ w>lutiijn of 30 |*ranimc^ KIIO in looo c c alcihul fif go per cr\\\. 
(2) >cminoriiial iujlutiun of IICI < — 1825 i;rainmc% real IlL'l ()cr Ii:r.". 
( J» A flask of 350 c.c. capacity, hcaictl l)y a water tiath. 
(4^ .\n uiiri|*hl rcHux c> infleniiicr, h.i\in^ a ork t<> tit '.he rtaA. 
15 » .\ii alcuhnlic viluihm nf phcn<*I*|^tKalcin which ha\ t»een carefully treaie^l 
with ireiy dilute KIID until a nry fatmt pink lias lieeti pri>luce«l. 

i^) The Proc^lss. Place 25 t«» 50 ^;ramnies of the wax into the flask with 
59 cc. of <^ per cent. alcohi>l, a^ld some phennl-phthalein s«)luiion, heat to 
hoilmiC. titrate with the alcoholic {H)tash until a pink colour is develo|>ed, and 
record the number of c.c. of potash solution used as titration Xik i. Now 
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rontmuc the addition of the |i<>tash into the dask until 50 c.c. in all has 
liecn run in from the burette, attach the condenser and lx>il for an hour, 
during which the wax will saponify and dissolve : hut should it contain 
IMirafhn, this Litter wiil remain unatiectcil in fireasy drops, frc(]uently adher- 
ing to the dask. When the Uiihn^ is completed, detach the flask, estimate 
the excess of |>ota>h remaining; uncomhined by titration with j HC'l, till 
the pink colour is diNciiar^ed. and note the numlier of c.c. used as titrtUum 
Xo. 2. While the ?ta|M)nihcation of the wax is priiceedm^, the exact stren^h 
of the alcohuhc puta^h is :iM*ertained by liiratin^ 50 c.c. with the \ HCl m 
the preseme of phenol-phlhalein, and noting the number of c.c. of the and 
ci{uivaient thereto. The volume of |M>tash solution used in titnitiim No. 1 vk 
hrst calculated to the volume of \ HCl equivalent, and then the numlier of 

c.c. so found X - *. * = iKrrccniaue of Ckrotic .\cii» Next 

weight ot wax taken 

take the voiuine of a« hi found l<i Ik* equal to 5c c.c. of |M>txsh, and from that 

deduct the volume of acid employed in titration No. 2, when the diflfcrence 

• * s 

in c.c. X . ^^' - iKrrcentage of .MvkiiiNK (/wvr/n/ Ai/nw/iJ/r). 

wcignt i>f wax taken • ^ . . t 



Owing to the presence in ail )»ees wax of a little ccrolein (havmg a lot 
equivalent than inyricine), these two results will always add up to a trifle over 
100 in the pure artK le. 

(r) ji'iH^iM, nil. Ki^t'i.i^ i»i.fore forming an opinion it is neressary to 
test the uax (|'.ialitati\ely as fi'iloi%s:- 

(,n 1-9* fa:tv actj aM.t rtun. Ity U-u.t^; I ;ari «jf %«j% »ilh 20 iif &Icf*hnl, %ad 
hlttritii; a {iirlinti iMtn an rxtc^ **i w.if' r. when purr »a\ will |;ivc oaljr 
a Hit^hl iipaicvicnic, but ixi\y akA will «c;iaratr in f1«icculcnt inA%«e« — And 
refill .iH a tiiir.y liviiletl }>ic^i|<iu:r. 1 lie xcs\ ut thr alLiihuIii: lii|uiil i« fn be 
then rva}^ iiatol !•• •Irync'^, .\U'\ :he ;i-o.>iuc. hivirt|* ticcn t«ui]rd with BilfK 
aiii rx> H{>. ^:. ) aii'l L'->Ii-i. !•> !iraic^l Mith c&cc^« *A uiluiiun erf aaiiiMOia« 
when a M-x^l rol * r(Niri. 

\2) /"^r fall yini /.tran :. Ji. The rf>:'iur • f the «ia\ mwilulilc in tfiirit it bntM 
with 35 c.i. «f 15 \Kt «.rrii. ai^joiut M>Iuti>in *A NallO fur \a\i an biNtf 
I taking care tn maintain 'hr viiiume hy iKca«i>inal ailtlm in of water \, cookd, 
ri.'.rrnl. am! thr tiltr.ilr ai.i<lu!ate>l wi*h h>ilr(KhJ<>ru acid, when tjnly a faiBl 
fjaleM-encc will i<«.jr witri ^enu:ne wax 

I 3] l-^r f^irarhn 'I hr {'r*-<4-ncr ••! thi« 't-ly i« j^rceta!'.) «L*hcirnriy evi tent dartM 
!ai-4>nirKat:i>n a- j'<'\e •!e««.nF>^ :. The l'il!iiwin|^ i^ the I' > I' lr*t. wiuol 
!•', ur.l rturiatetv, i.i-r aiwa\« « .«.cr^«f.il with the kind *A |araAn du« micd 
f> r adulter at iti^; l<r« wax 1 If 5 (^rair.mc^ of yclliiw was \k hcmtcd la a 
fla.'^ for ti!:ern minurco. wi*h 25 ^ i. • f sulphuric aail. tti iciu' C (^JO* F <. 
ai. : T^e mixture thef. <ii.uui with warer, n^ M)!i*l, wax bke l^jiSy ihovld 
*c; .iia't 

liavinp; thus ,^ol the neetiful inforiiution. the principles on which we then 
i.ilci:late (laid tiuwn l>v Mr. liehn<.r. the inventor of the process and 
subHef}uent!y ci'iinrtiied l»> other ti'tiservcr*^i are a^ follows.- 

(•f) In Lieiiw^rie hee^ w.i\ the profKirtion of the two main i<>nstituents« 
when e:):i:ii.i!id as al»iive. al>»a\!i iu.'ik^ out a*i I of cerotic to 6117 of 
myrn ine \^>x pr.n luatly 1 to fo. 

(/') The preM:r:( e of fatty ai uN ir.< rexses the a}»|urent |»erccntaKe of 
f erotii ami. ar.ii trie e\i es^ thus sri^.wr: -Aer the normal amount, calculated 
from the jHrfter.ia^e t»f mxrn me fuuml -- 1 51s the fatty a* id preftcnL 

^. ) I :u prcNcM e of fat tr !a{uri m.i\ :i;< reascN the ap|urent perccntafcc of 
ni>rKmf. and *»u« h e\«.e^<« o\er t:te « .i.< uiatcd n<irmal amount kA myxiCMt 
-^ z yt fat ;re>ent ti.r 25^ - Jajun wax*. 

i./» I .'ie pre^er.« e of paramn Inwir'^ !''<:h thr < erotic acid and mjmctne in 
pro)H>r:ii'n. and i> aiiK'unt iia\ \k fa:r.v otuamed by adding thein U 
and deducting irom loc. 



ANALYSIS OP SOAP, 201 

{i) When both (at and fatty acids or Japan wax (which contains free 
piiinitir acid and palmitinc, in the average proportion of about i to 10) 
ut present, then it becomes a matter of algebra, and we apply the following 
fcnralat in which A « per cent, of apparent cerotic acid, B » per cent, of 
apparent myridne, X « unknown cerotic acid. Then — 

.. . A -X ,..,.„ . B-6117X 

X -f — -rs- + 6-1 17X -f i— = 100, or 

1*518 a*39 * 

X - 25649 - (•1689A + 10738) ; 
or for Japan wax — 

„^A-X^.^B- 61X 
I -601 ^ 2-516 

Sbookl such wax also contain paraffin, a direct estimation thereof must also 
he attempted. This may usually Ik; done by destroying the wax on the 
water bath with fuming sulphuric acid, and then cooling, diluting, extracting 
the paraffin with ether or petroleum spirit, evaporating off the solvent, and 
weighing the paraffin. It is to be noted that an adulterant containing paraffin 
called **cerosin '* is now produced, which sometimes defeats this process. 

{/) No wax containing any notable amount of paraffin ever yields percentage 
of the two chief ingredients coming up to 100; while samples adulterated 
with Cat and fatty acids (or Japan wax), and free from paraffin, always add 
op to a figure markedly exceeding 103. 

II. TMi to diatingaiih between Chief UnofSoial Waxes. Dissolve, by 
t of wax in 10 of chloroform, and cool to 15^ C. 

Can /. The cold solution is clear. 

(t) The original is soluble in ether. 

(a) Alcoholic Fe,CU gives ppt. insoluble on lx>iling : Myrica 

qufrci/oiia. 
(h) Alcoholic FcjCle gives black : Myrica (species unceruin). 
(r) „ „ „ brown colour, but no ppt. : Oriziba 

wax. 
(2) The original is not entirely soluble in ether. 

Saponify by boiling with 10 parts of N alcoholic potash, and then 
boil with 100 parts HjO : — 
(a) Completely soluble : Japan wax. 
{6) Only partially soluble : African b<ts wax. 

Cau II. The cold chloroformic solution is turbid. 

( I ) An alcoholic solution of the original becomes turbid with alcoholic 

plumbic acetate : Lac wax. 
{2) No turbidity is produced ; then — 

(a) An ethereal solution of the original mixed with its own 
volume of alcohol becomes turbid : Carnauba wax. 

(b) The solution is clear : Bahia wax. 



Zm. AVALT8I8 OF SOAP. 

<i) IMiaet IftiBation of Fatty Adds. Two grammes of the soap, in 
le aharingi, are shaken up in a separator, with a slight excess of dilute 
udphtihc acid to liberate the acids. Ether is then added, and the fatty acids 
which have been liberated are dissolved up in it. When the decomposition 
di the toap is complete, the liquid l>elow the ethereal solution is removed. 
With a little care this can be done very completely, without any loss of 
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the ethereal solution. The ether is then shaken up with distilled water, and 
the latter drawn off as t)efore, and this pnicess of washing repeated three 
times more. When all but a few drops of the wash -water has lieen drawn 
oflf. a few dro|)s of liarium chloride v)Iuiion are added, the mixture shaken up. 
and the last traces of sulphiiric acid thus removed. With a little practuc 
so little water is left Inrlow the ethereal solution that the latter ran \»c 
directly drawn off and eva[X)rated in a weighed dish, and the residue Anally 
dried in the water oven and weighed. The fatty acids thus obtained also 
contain resin acids in any soap made fro:n fat and resin (such dA pnmriHe 
soap). In this case we must pnxreed to e^tinia'e the resin acids (sec. 5K and 
deduct them, when the l>alance will be the true fatty acids. 

( 2 1 Convenient Method for General Analyiii. (a) ( 'ut the sf>ap across, an<! 
ilrop a solution of phenol-phthalein in alcohol upon the freshly cut surface, 
when ap.\ red colour shows the presence of free alkali. If free alkali be 
founil, (lis<>i)ivc 5 ^ra;nmes iii alr*<ili!tc alcohol, add phenol*phthalein, titrate 
with (lecmormal acid, and calculate to NaliO «ir KllO. according to which 
alkali iN present. 

(/') Dissolve 2 grammes of the soap in absolute alcohol by the aid of hea:, 
add a drop i»f M)!ution of phenol pli'.halem, and pass (T)| till any red coliur 
disappears. I- liter through a tared filter, and wash any insoluble niat:er 
found v\'.th warm alcohol, dry at loo ('.. and wei;{h : this will ^ive /i*/j.' 
itv.f'uriti « (such as alkaline carlxmates, silicates, it lx»rax). The filtrate and 
washin;^^ are then to Ik: e\a{»-«rated nn the water bath in a wei^^hed platinum 
dish. th( residue liein;: dried in the water oven to i onstant wcifcht and 
weigheil at :iial rr**}/ soap present, 'the dish and contents are then isently 
heated t* redness, the residue ieft lieini; dissulved in water and titrated with 
decinorinal acid, Usin^ me:hyl uran^se as the in<li('ator. The number of c.c. 
used IS nuil:i|>lied l>y cc^i tor h.ird vnla snaps, nr by 0047 f'*'' ^' potash 
soaps, and the resulting amount of alkali l>eiiv deducted from the weight of 
real S4)ap fMiind. the di/Tereni e x \ z\ - anpuiu of fatty acids. The wci^thts 
of rt*!!/' Niup Mv\ t »tal imfunttts adiied t-<et^'K-r. and deducted from a, gi\e 
the wa;er present in ttie sample. I maliy. e>er}thin.; is calculated t> 
percentage. 

<js; Glycerine and Sagar in Soap. The li«p;id run off from the separator 
during tl.e esti:iutii»n of the f.i:t> a< :i!s <«ee par \\ is neutralised with loda. 
and evapuraieti to dr\ness .a a \er> ;*';ntle hea: The residue is extracted 
with a li ,:!id cuniiiosed of two part^. iiV \'>:i;iiie. nf absolute alcohol, and one 
ol" chlorofiirni. filtered and washu! with the same si.! vent. The Altratc is 
mixed with double its \oluineof lit^niied watt r. whm the 1 h lor of orm separates 
<M:t. leavin.: the glycerine in the iiiliited spin:, iti whi« :i it may Ix: detected by 
the Inirax test, and estimated if liesired (»> the author's cupper process 
ori^inaKy pi:))!ishe<i in "The .\naivsr." \ijI. w, p. 41. The residue on the 
filter i"* lii-st lived in w.iier, a few ilr-ips of the siPition are tested for sui;ar. 
and, it :: be f 'ucd. the rest is wuerteti !y dsiute ai i i made to a lixed Inilk. 
and the ^u^ar estimated bv I ehlinj. Si:^.ir :> a < •>tiiMi>;n adulterant of so-called 
'* glycerine : »ilel s. .aps." 

<4> C*rbolie Soaps. Iwoty ^ramnies if the s>ip are tlissolvetl in 10 c.c. 
itf 10 jN r • i-n: sulMtmn nf :-»:asri and is: ■ • . > : i*jter. ami then aoo c.c. k4 
brine (sa:;.ra:eil' are ad'lfi Tf:is 1 au^i^ the « >.ip tti precipitate, arMl then 
200 c • le :::a: t'> id k:ratiirnes nf <> tap) are tiitered off. and es'aporaled until 
salt 1h.V'"* •'» Hijurate uu: Ihe wri.ie !•» then mtrixluced into a specially 
shaiKTil t'..'e. iinown as •" Muter s r.ir** ilii* ijl>e." and a« idulited, when the 
(arU'lb i r < res>lh .t< :ds (pr.er.nisi rise to the top. ariti their amount is read 
off on a X ale s|>ecia!ly graduated for the pur]>ose. I'his procetft it the only 
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one chat will give a fair approximation to the phenols put in, the ordinary 
method entirely failing unless pure crystallisable phenol has been 
which is rarely the case in ordinary cheap articles. 

(5) fctf—Hcn of Bdiiii in Soap. Ten grammes of the soap arc dissolved 
in wann water, heated to boiling, and the fatty acids thrown up by excess of 
bnlrochloric acid. The acids are collected, and washed with boiling water until 
free from all trace of acidity. They are then transferred to a narrow vessel, 
and kept melted therein until any contained water has completely settled out. 
0*5 framme of these acids is then weighed out and treated by the process 
liJtx^aAf given under the analysis of fats (|>age 199). The " bromine substi- 
totioQ figure " for the fatty acids found in commercial st^ps has t>een 
proied h)' the author to be practically nil, while that of resin, as usually 
employed in soap manufacture, is 105. Therefore ever)' 1*05 of ** bromine 
wtHtitntioci figure " found will represent 1 per cent, of resin in the fatty 
aodi, and this result multiplied by the percentage of fatty acids already 
f9isnd in the soap and divided by 100 will give the percentage of resin in the 
lample. 

Ziy. YALUATIOH OF DIGESTIVE FERMEHTS. 

H) Taliatioii of Panoreatin (U.S.P. process). If there l>e addcil td 
100 c.c. of tepid water contained in a flask 0*28 gramme of panrreatin and 
I 5 gramme of sodium bicarbonate, and afterwards 400 c.c. of fresh cow's milk 
pfferiously heated to 38^ C, and the whole maintained at this tem(M:rature for 
half an hour, the milk should be so completely pcptonised as to cease to 
be coagubble by the addition of nitric acid. 

(^)Tal«mtiOB of Poptin (U.S.P. process). Prepare, first, the following 
three solutions : - 

A. To J94 c.c. of water add 6 c.c. of diluted hydrochloric acid. 

B. In 1 00 c.c. of solution A dissolve 0*067 gramme of the pepsin to be 
tested. 

C. To 95 c.c. of solution A^ brought to a temjK'rature of 40 C. (104 K.), 
add 5 ex. of solution B. 

I'be resulting 100 c.c. of liquid will contain 2 c.c. of diluted hydrochloric 
0*00335 gramme of the pepsin to be tested, and 98 c.c. of water. 

Immerse and keep a fresh hen's egg during fifteen minutes in Ixnlmg water : 
:r.cn remove it and place it into cold water. When it is cold, separate tiie 
white, coagulated albumin, and rub it through a clean sieve having y> meshes 
X;i the linear inch Reject the first portion p.issing through the sieve. Weigh 
ff to grammes of the second, cleaner portion, plat^e it in a fiask of the 
capacity uf aljout 200 cc, then add one half of solution C\ and shake 
wen. to as to distribute the coherent albumin evenly throughout the li(|ui(). 
Then add the second half of solution 6\ and shake again, gaanling against 
*i«a. Place the flask in a water oven or thermostat, kept .it a tcm()erature of 
5^ to 40 C. (100*4' ^o '04 l*-)* for six hours, and shake it gently every 
ti'JtKXi minutes. At the expiration of this time the albumin should have 
d.iappeared. leaving at most only a few thin, insoluble flakes. (Trustworthy 
revoJxs, particularly in comfxirative trials, will l)e obtained only if the 
•^ apcfa ture be strictly maintained iK'tween the prescribed hmits, ami if the 
ccncents of the flasks fx: agitated uniformly, and in e^jual intervaU of time.) 

The relati\*e proteolytic power of |>epsin stronger or weaker than that 
dncnbed above may l)e determined by ascertaining, through re[>eated trials, 
-vjw much of solution A. nude up to ico r.c. with solution .-/, will be re<|uireil 
to dissolve 10 grammes of coagulated and disintegrated albumin under 
oooditions given above. 
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Sarrharated [>c)>sin, when tested by this process, with the modification 
that o 67 gramme of it is to }>c taken in preparing solution B^ should digest 
300 iinicb iti uwn weight of freshly coagulated and disintegrated egg albumin. 

ZV. BSTIMAnOH OF HTDROUS CHLORAL. 

100 grains «lissoIved in one fluid ounce of water and distilled with 30 graini 
of slaked lime, Nhi>uKl yield 70 grains of chloroform. 

In working with metrical v%eights we wei.*h out 5 grammes of the umple, 
place it m a siiull l!a>k having a su!c tulK* attached for dtNtillation iKrlen- 
iiK-yer*5i), ami add 25 c.r. of i^ater, and 15 gramme of calcium hydrate. 
Cork the tuln*. and attach it to .1 short condenser, having a 10 c.c. gratluated 
measure <sh(»win|{ j*^ c.c.) at the other end. Apply the heat of a water lath, 
and diiitil until all the chloroform has |)assed «'ver. and collected in the 
measure Ijeneath a slight layer of water. M the end of the ti|»eration read 
off the volume of the Ii>wcr o h!orof>jriiiit / iaver. which should not he 1cm 
than 3 '34 i .« . To oluain the actual weight of the chlorofi^rm multiply its 
volume (in v.c ) by i'4€y. 

ZVI. YALUATIOH OF MAVHA. 

Put 5 gramrnes of the manna into a il.isk uith 80 t .c. of re« titie«i spirit, 
and ti-Jil uniler an upright condenv-r tor vime lime, till nothing more dissolves. 
I 'our oil' rapidly into a t.ired l>aMn. taking rare that none cif the insolubie 
matter < omes into the lusin. (ovi-r up with glass plate, and set aside to 
crystalline. i'i>ur off the niolher-lt'iuor, and, having allowed the crystals 
to U'coine air-dried. weigh and deduct the tare <»f the liasin. The crystals 
so obtained must not weigh less than 3 gramme^, but in ^ipnl samples they 
should Ik; nearly 4 grammes. If an upright condenser is not handy, mark 
the ^,i^'ti at .So c.c. ; then st-irt with i;o c.t . spirit, Ik»i1 down to the Ho mark, 
and |»«ii:r otf. 

ZVn. BSTIMAnOH OF PHEIOL. 

The nH-thi'«l for the «leterriim.it:ijn "f phemtl quantitatively in ordinary 
carU»!:r anil has Uin a Ire .it!) ^ivcn uu'ier Volumcirn- .\nal\Nis (|uge 113) 

Whi-n di-aiin.; >%::h the *»o-<a'led "« i>n)inert-ial li<]uiii cart>olic acid** (which 
IS not {•henoj. in:: .1 mixture of rr-. sol with some higher phenols, and a 
of nap n thai in), and of tht- liisinfc tmg jH)»der> made therefrom, this (iroci 
is pra< tically useless. \n appr<'\'.!:ia:i<>n tti the truth may be made \ff usirig 
Calvtrt'* No 5 ;nnl .t- .1 st.i- :.ir«l t.» sc: :Ke "hxjm,'* but it is lieltcr to 
cmp!o\ the priM e-N iltM^eii \*\ !:;c ai;:ht*r, and gi\en in full in "The .\nalyst," 
vi»l xu , \K\jn: I (/I. and \oi x\.. pa^e <»3, to whu h reference is hereby made. 

Thr a!iioi:nt of witer ii>ntaint-d in a v»!ution of carUtlic acid may be 
tietern;::u-<i b> a.:itatin.: tr.e v!i:;i>'n. in a graduatet! (vlmder. with an equal 
\<ilume <it « h!«>rot'urm. .\f:er standing, the up{>er Li\er consists of the water 
c«)ntair.Ld m the mixture LVS W 

ZVUI ESTUATIOH OF GLTCEEDTB. 

'Ihi- jftMeHs iii'j'ends «•:!( 1 ) i, Staining tJ:e ^'\<erine free from other ou- 
disaMe t*«>«iuN. s:.- \\ .is al oho!, ^'j^ar*>. el* . (2) ox:di^ing it with {lOtatsmB 
fiiihr 'ma'.e in the pre^er.i e of ^ulphur^ a* id to carljon dioxide and water by 
the f»».i' win*; etpi.it ion — 

and (3) e'^timating tiie ainoun: ol L'0| evui\ed. 
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The relation between carbon dioxide and glycerine is that 396 parts by 
I of COt represent 176 parts of glycerine, or, in other words, the weight 
of COf found multiplied by '69697 gives the amount of glycerine 
m die quantity weighed out for analysis. The process is conducted in an 
ordiiiary apparatus for the estimation of carbon dioxide like that figured on 
pafc 156, fig. 36. The fluid containing the glycerine is first tested for the 
pieMfice of sugars, both cane and glucose, and if they are absent a measured 
quantity (say 100 c.c.) is evaporated on the water bath with 3 c.c. of milk of 
hme and a grammes of pure sand, till a fisiirly detachable residue is obtained. 
This is then scraped from the basin and extracted in the " 5>oxhlet " with 
abaohite alcohol. The alcohol is distilled ofl* in a weighed flask, and the 
weight of the residue taken. The residue is then dissolved in a little 
dtftiUed water, and such an aliquot part taken for analysis as shall not 
contain more than '5 gramme of glycerine. This is introduced into the 
apparatus with 4 grammes of potassium bichromate in saturated solution, and 
mto the acid reservoir are placed 10 c.c. of strong sulphuric acid, the ahsorl>- 
lag tulje being also charged with the same acid. The apparatus is weighed, 
and then the acid in the reservoir is allowed to mix with the glycerine and 
bichromate. Action sets in, and after standing for three hours in a warm 
place, the whole is heated to gentle ebullition, cooled, and weighed. The loss 
of weight equals the COj evolved, and this is then calculated to glycerine as 
above, and lastly corrected from the aliquot part to the whole. In the prosen<:e 
of sugar the liquid must first be inverted by boiling with dilute hydrixrhloric 
acid < if cane sugar be present), and then evaporated with an excess of barium 
hydrate instead of lime. This will either decompose the sugars, or render 
then insoluble in the alcohol subscquendy applied. 



ZDL AVALT8I8 OF ESSEFTIAL OILS. 

I. Phyiieal Conitants. The s|)ecific gravity and the specific rotation in 
the polahscope, using a tube 100 m.m. long at a temperature of 15*^ C, are of 
importance, although variable within narrow limits. The following are the 
average results with a few of the chief oils : — 
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The IxMling point is scarcely ever constant, as these oils arc always mixtures. 
aikd therefore require fractional distillation in a prosier dephlegmator. The 
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rciiults so much dc|H:nd on the apiuratus employed, that it is hopeless to get 
any agreement in this rcs(x:ct l>etween different operations, until an offkrul 
method is definitely laid down. If, however, 50 c.c of the oil he distdied 
from a lon^^-necked Krlenmeyer's flask of icso c.c. capacity, with a thermometer 
in the ne^k. and placed on a piece of wire gau/e, to which heat is directly 
applied hy a Hunsen burner, fairly concordant estimations may Iw fhadc on 
successive 'juantiticN. 

The following lahle shows the l>oilin^ fKtints of the chief constituents of 
the common oils uithin a few degrees of which the chief fraction should he 
obtained. To vave re|K.'tition, the numlters refer to the oils as arranged in 
the gra\ity and mtation table given n(H>ve : 

C<in*tiiiirni> IViiinf |«>.ri« i'.' >. f>il« in which fo«iid 

.Arieih.'KJI, c,ir IK II, .•34 Ntj. J. 

('Ar\> 1 ^^4 No« I, 6 

I'inci! J I luj'^ttoh t ...I|.,« » i7f, . N'j^. 5. II 

* utir»rn»- t\ II , 2<ic. !•■ Jhj No. to. 

Kujjcn.l i.H. «'jcn, 'MI r,M 2^t» ... Nf*v7, is 

l.iiii'inriir ( ,.ll,« ■ • ■ IJd N<m. I, 3* ^t '4 

Mrn!li..l < ..,M,,olI 2\1 . No. 15. 

.Myn*::«.i>I 270- . . No 1 7 

ri'iirnc C,..n,.. iri5 Ni»'^ 12, 17, 10, JO 

2. Chemical An&lysii. When the ai!:vc cimstituents of essential €)i!s are 
r.(>: vitiipk- inixturcN cf tcr|H.'ne^. :he> are usually ca|vihle of chemical deter- 
iiiinati'in. Manv tif the procl.•«>^L'N are, however, still in their infancy, and 
cnjublc of l: re.it improvement. The n* :ive principles met with may tie divided 
into MX classes aN fi«lIows: (.f) K>ters /• omi^Mmd ether**): (A) I'henols or 
phenol If ethers ; (. ) .\Ideh\ds ; (./) Ketones ; (c) Alt ohols : (/) Is<ithioryanatcs. 
They may Ik; rtspectively estiTiia:ed as f»!l'iws: 

(ii) Eytinuitttm «/ Eittrs. \ we.^hed • quantity of the oil (say 5 tn lo 
grammes) in piatetl in a strung ^iasN llask (if too c.c. caiucity, capable of 
wiihstandini; pressure, and to ihi^ is addetl z^ c.c. of a solution of 10 
grammes Kii<) in ico c.c. ali'ohol. 1 he flask \s ( ioM.'d by a cork, through 
which parses a / tulie luntainrng one inch of inerturv, and placed on the 
water bath for t\%o hours. At the eml of that |ieri(Ki it is removed from the 
liaili, co«i!e<l. :tnd its cimtents washeil into a 350 ex. tlask, and made up !«> 
the mark uith distilled water. I his sulutpm is then titrated with * ilCI, 
and the number i>f kx. noted as titration A'*'. I. While the saiM>niticatton is 
proceeding another 25 <-.c nf the ai« oijMln- jwitash is «liliited to 250 c.c. with 
distilled water, and also titrated "^xV.x \ M( I, .ni*! noted as ittratum So. 2. 
rile \ulume <f HC.'l used m titration No. 1 is de<lui ted from that taken 
for titrati<in No. 2, and the liiffereme represents the alkali absorlHrd dunng 
i:.e hvdr^Usis oi the ester e\prrs*.cil m terms of ^ KMf> The followini; 
IS the e()ua!ion for talculation of ::nai<i<il acetate in oils of liergamot and 
lavender, anil if the isomeric Uirr.)! arclate in oil of pme : 

t II,(.t>.<i«VH,: -* Kl|i» - « . II,, «ill + 1 II, < «H»K 

i,s 2^ 

1 Mcrefi>re eai 1. ^ • of 3 KIH > aii^iirSv I ct^.s grammes of the ester in tlic 

Height of oil s:a::id witt: 

»/) /:'»/. '«.!/; n f /^'-.fn.'y .:kJ i'h^K .".•» Ilthen >\x^\\ lioilies are incl 
with in .ic.e::. >; ('JI}.(.H« (M 11; (in oil of amm) and eu|tcnol 
<\Hj.(KMj UH ( jM) i;n ";N "f ..'ty, iinnii'':.>n, and ftm€fU0\. The 
firmer if •« s 7..>: rrjiire 1 yiein:* ai ana!>Ms. because pure anise oil melts at 
i.S~ to 2z 1 . ji.d the melted hijuid d(<s not In^iI under 250"^ C; but 
tne latter nuy lie estimated kiy mixing 5 grammes o^ the oil with 
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10 gmnmes of a 15 per cent, solution of NaHO, and then adding 
6 grunines benzoyl chloride. On cooling crystalline l>cn/ov)-cu(;enoi 
(CtH». OCH,. OC« . H5CO . CjHs = 268) separates out. Thtsc crystals 
are vnuhed by thrice melting them with 50 c.c. of hot water, stirring, and 
filtering off. The crystalline mass is then recrystallised from 25 c.r. of hot 
Qo per cent, alcohol, and the cr>'suls, having been collected on a sninll tared 
ftlter, are washed with 90 per cent, alcohol till the whole filtrate measures 
exactly 25 cc, then dried first by pressure l>etwecn blotting pa|K:r, and finally in 
a weighing bottle at 100° C. The weight of the cr>'stals + 55 (allowance for 

toiubility in 25 c.c. alcohol) x = eugenol in the 5 grammes started with. 

A more rapid process is to warm a known volume of clove oil with 10 {H-r 
cenL solution of potash, and then read off the volume of the uncumbined oil 
:n a graduated tube. The difference is the eugenol. 

1 4') Esiimation of Aldthyds. Such bixlies are met with as cinnamicaldehyd 
CcHt . C'jH|. CHO (in oils of cinnamon and cassia), benzoic aldehyd <in oil 
•A btiter almonds\ citral CmHifiO (in oil o{ lemon), etc., and to estinutc them 
^d^'^ntage is taken of the well-known reaction of aldehyds with soilium or 
pou-sstum bisulphite, whereby a crystalline compound is pr(.»dii<'ed whit h is 
V »luble in water. Twenty grammes of the oil are shaken in a fl.iNk with 100 cc 
<A a boiling 30 per cent, solution of sodium bisulphite, and then set aside for 
Two hours. As much more water having lK*en added and the whole warmed 
cntil the cr>'stals dissolve, the contents of the tiask are tran*(ferred to a 
icparatur, and the a<}ueous solution run off into another separator, where it 
:s cooled and shaken up with 100 c.c. of ether. The aqueous layer havmg 
^jcen removed, the ether is useii to wash the contents of the first se|arator 
into a tared flask, from which the ether is distilled off, and the residual oil 
dried at ico' and weighed. This weight, w/>r//ithe tare of the flask, deducted 
from the 20 grammes started with, and x 5, gives the aldehyd percenLige. 
More roughly, this can Xyt done by simply shaking up 10 c.c. of the oil in 
a suital>ie graduated measure (a burette answers well) with exccNS of hot 
«a:urated solution of sodium bisulphite, and then reading off the volume 
of the uncombincd oil which floats, multiplying by 10, and deducting the 
answer from too. This idea is taken advantage of qualitative! v for the 
detection of imitation oil of bitter almonds (<'/"/ of mirbane or nitnti'fnzol) in 
the true oil by the U.S.!*., which says : — 

If 5 c.c. of the oil be vigorously shaken in a flask with 50 c.c. of a cold 
saturated solution of sodium bisulphite, and the mixture heated for a few 
minutes on a water Ixith, the odour of the oil should disap|)ear. .in<! a nearly 
cJcar solution })e formed, without the sc|>aration of any oily dro|is on the 
surface of the liquid (absence of most other volatile oils and of nit robe nz »/). 

I i) El ii mat ion of Ketones, :\y\ »1 ica blc to car\'ol — 

C|«1I„< ), or CM,. CII . j.j J '^..1 '. C . ^\\\j 

<;n 01 ts oi earrawav, dill, and ^^reen mint). Five grammes of the oil are dis- 
»<'2ved in 5 c.c. of alcohol, and sulphuretted hydrogen is passed to saturation. 
The resuhing crystalline mass is washed on to a filter by the aid of another 
5 cc. of alcohol saturated with lI.p^. The filter and contents are submitted 
to pressure in blotting paper till all the litiuiii is pressed out. The crystals are 
then removed from the ia|)er to a small se|iarator, decomposed with pota>h, 
and the carvol transferred to a tared lK*aker (using al>soIute alcohol to 
rc ip o ir c the last traces), and dried at ioo~ C till constant : or, they are decom- 
posed with potash in a graduated tulxr, and the carvol which se|arates is 
red. By this process the carvol is first precipiuted as (CiuHuO^iH^S, 
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and then again liberated for weighing. Carvol may also be precipitated 
by phenyl -hydrazine as CioHu- N. NH. CgHg, and this body purifiu and 
weighed, but the results are not so good, owing to loss in purilying and 
drying. 

(e) Estimation of Alcoholic Bodies. Applicable to menthol CioHifOH (in 
oil o{ peppertnint) and borneol CioHi;OH (in oil of rosemary). The alcohol 
is first converted into its acetic ester by boiling lo grammes of the oil undo 
an upright condenser for two hours, with lo grammes of anhydrous acetic 




acid and i gramme of fused sodium acetate, when the following reaction 
takes place : — 

C„H„OH + (CH,CO),0 = CieH^OCH.CO + CH.COOH. 
The whole is washed into a separator, and there shaken up with successive 
quantities of water, until the washings run free from acidity. The menthyl 
acetate (or bomyl acetate) is then dried over calcium chloride and treated 
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by the process for esters [ (a) page 206]. Kach c.c. of the ? KHO absorbed 
corresponds to '078 menthol or '077 Iwrneol in the weight of oil started with. 

(/) Estimation of Aiiyiisothiocyanatf (in essential oil of mustard). This ts 
best done by placing 5 grammes of the oil in a tared platinum dish, dissoWing 
in 5 c.c. of alc<ihol, and then adding an e(|ual volume of solution off ammonia. 
Hy such means we obtain allylthiourea thus : — 

99 110 

'I'he contents of the dish are then slowly eva|K>rated and finally dried at 70^ C, 
till constint and weighed. 'I*his weight —dish tare x ^^^ 3 allylisothiocyauiate 
in the oil started with. 



DIVISION II. ANALYSIS OF URINE. 

\ sample of urine taken for analysis should k>e that first pissed by the 
(utient in the morning, or, iMrtter, a portion uken from the total twenty-four 
hours' urine. 

The following are the chief points on which information is usually required 
by the physician who submits urine for examination to an analyst : — 

1. Take the s|)ecihc gravity, which should range from 1*015 to i'oi5 at 
60° F. For every i" F. above 60' add '0001 to the oliserved specific gravity. 
By multiplying the last two decimals of specific gravity by 2*33 we have the 
grammes |)er litre of total solid matter. Make a note also of the daily 
quantity, which should Ik* 1200 to 1500 c.c. (40- 50 fl. oz.). On standing 
some time urine umicrgoes ammonic fermentation, and becomes alkaline in 
react icm. 

NtU. In •lial«ict the Kra^ity i« tiM ht^h, Mitnc*iinc% reaching 1*060, »hilc in albaminaru 
it i« abnoriiully 1<jw, even occasionally dliing to i "005. 

2. Kxamine the roart:on. which should lie very faintly acid. 

3. Set a |M)rti<>n to settle in a long glass and examine the deposit under 
the mi^Tos< ope for rain u in oxalate or phosphate, uric acid or urates, pus 
casts or kidney tul)es, etc., c-tr. (Sec {lages 20S and 209, and fig. 50. p. 213.) 

iV«Mlr.- The nature iif the ilepr-.t m.iy al«o \< cmiiinne*! chemically at f(4iow« : — 

\m) Waim the urine iwr.!^.nini; the sctimcnt, when, if the U!tcr iIkiiiUJ dktfotw, iC 
ci«nu«t« entirely of uratr^ In ihi« ca^e let it 'ince Okore ciyttalltvc out, a»i 
r&amine r. Xty !he ••r'!:i;ary v.uur«e f<ir « a, Na, and Nil,, !•« atcrftAui the 

( - ) If the ilepiM! tie r.- t •i-.wlvni \y he2:;n|;. let it settle, wash time by Hccaniatioa 
iftith .aV water, ami warm with ai'e*ic aci'l. rho«phate« will diM^tlvr, aad 
may lie rrprei^ipitatrl fnim the «**Iu!i<in I'V rvce«% of NII,IIO Altercii ci«% 
«eU wa^hetl w:!h l-jilmi^ l';* ^ >!>»«"'. vc>! in 1IC'.II,( »^ an«l eiamirwd f'jr i a 
nr Mfcj liy the U'-ual c.u:»< ( .r thrv meiaN m } roencc ol TU,. 

' ) If '.hr •lr',->Mt \< in* <*uMe in awr'u a. : !. >«arm i: with IICl. Any talsl«c 
(«*r*.i>in i« t.a!<.:.:m «a!a:e. whuh may tir prr«.i|iitate'l by NH|llO- 

< J > If the •ir{.«»«:* !« in^. !'j!i|c in Il4 !. r .1 j ro'ta*^ ly aric acitL In thu c&*c ^fP^T 
\\\v murriu !ro: a<« 1 '.I>/»% l'la«.e it m a ^mail white dt«h, renkuvc mom€mn 
\-y nirAR > -fa;.* r -f ^:l ul'^a^ {aicr. a! ! a •irtip or twn of rtraog UN* t^ 
.I'-i i rva:< ra!r : :rrne^^ a: a t^enr.r hrjr. When ci»lil a«id a <lrof ol 
NIIJl«». %»: .): »..! J : -i^ct A ; jr, ic . .; >r. i<re;«neil tu VK»lff I7 a df«{i 
• 4 kilt) 

4. \\'< Ii.»r ailiUinin. .is fi».luw* — 

\.i) J\':,':nc .'- j/ 1 iter :?.f \iT.r\t:, ;!acr ic c.c. in a nanow test tube, 
and add i/r.c dru}i ••! ai ct'« ur nitnr and. Heat the tube 
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over a small flame in such a way (hat the -f/xr |>onion or 
the liquid only shall be heated. Coagulation will take place, 
and the presence of albumin will be evident from the rormation 
of a turbidity ranging from a faint cloud to a dense coagulum, 
but always strongly contrasted with the clear liquid beneath, 
which was not healed. Mucin also precipitates with this test. 

(^) Nitric test. To five volumes of cold xii/ur>t/A/ solution of magnesium 
sulphate add one volume of nitric add (sp. gr. i'4i)> and pre- 
serve this reagent for use. Pour some perfectly clear filtered 
unne into a tube, and carefully add an equal volume of the 
reagent, delivered gently from a pipette, so that the 
liquids shall not mix. .\n opalescent zone will f~ 
iorm at the point of contact either immediately or 
within twenty minutes, according to the quantity 
of albumin present. This zone should not dissolve 
on gently warming, but should be a distinct ring 
at the Ixittom of the urine, and not a general haze 
near the top, which latter indicates mucin. If the 
zone of contact has a pink colour, iitdican or other 
colouring matter is excesiiive. Indican may be 
further confirmed by mixing equal volumes of 
urine, strong HCl, and chlorine water, which pro- 
duces a violet colour, and may he estimated by 
colour titration with chloroformic solution of Indigo 
of known strength. 

4ir) Picric add lest. Dissolve ;5 grammes of pure crys- 
tallised trinitro-phenol (picric acid) in 500 c.c of 
water, let it stand for some days to perfectly 
clarify, pour off, and preserve the reagent for use. 
Mix some of the filtered urine in a tube with an 
equal volume of this reagent, look for any cloud 
or precipitate, and then heat to boiling. The true 
albumin cloud will remain permanent, while that 
due to peptones or alkaloids accidentally [M^sent 
will be dissolved. I'icric acid does not precipi- 
tate mucin, and is thererorc a valuable con- 
firmatory test 

^^) Bidtkt^i method. Take a drachm of the urine, 
acidulate it with acetic acid, and add some potas- 
sium fenocyanide drop by drop till a clear excess 
has been added- If during the addition a pre- 
cipitate forms, albumin is to lie suspected. Mere 
traces require some time to cause the cloud. 

i/i) To eilimale the albumin. This may be done empirically by means 
of an miiiuminanieter (fig. 48J. Kill to u with the urine and a 
with the precipitant (picric add 10 grammes, citnc acid 10 
grammes, and water to make looo ac). Mia by inverting the 
tube several times, not by agitation, and set aside for 14 himrs. 
The height of the predpitate, as indicated by the graduations, 
Tcpresents the grains of albumin per thousand cc. of urine. Be 
careful to read the height of the precipitate from the middle of 
the albuminous surface. If the urine is alkaline, make it at id 
with acetic acid. In the absence of such a convenient appliance 
we may take a weighed quantity of the urine, and allow it to 
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drop into lx>iling water aridulated with a(!etir and. Collcit the 
l>rtvipitate on a tared filter, wxsh with boiling water. dr>' ^ 
too C, weigh, and dedu< t the weight of the filter, when the 
balance = albumin in the weight of urine operated upon. 

5. Test for cp-afw sugar, as follows :- 

(it) Afi*orfs te^t. Acidulate with a« eti< aiid, boil, and filter out any 
all>umin if netcssar)*. Then mix the filtrate with equal parts of 
litfuor fs*utsuc and heat to l>oiling, when ordinary urint will turn 
brownish red* but saftharine urine will tieome dark lirown or 
blark. 

(b) B'Mtt^fri test (modified by N) lander). DissoU'e 25 grammes 
of purt bismuth oxynitrate (free especially from silver) and 
4 grammes of Kochelle salt in too grammes of 8 fier cent. 
solution of sodium hydrate, and preserve for use. To use thiN 
reagent 1 c.c. of urine is added to 10 cc. and the whole Ijoiled 
gently for some time, when if even only traces of sugar be 
present tlie mixture become^ black. 

( ) ffhiifi^*s test. Render the urine alkaline with |X)tassium hydrate. 
and filter to remove an> phosphates, etc., which may pre 
cipitate. Boil the filtrate with Fehling's solution of copper (sec 
page 1 30), and if a precipitate should form sugar is present 

(1/) Tf estimate the su^ar, Thi^ is ticst done by taking 10 grammes 

of the urine and diluting it with water to too c.c Place this 

solution in a burette, and run it gradually into 10 cc. of Pftvy's 

or Fehling*s solution, kept lioiling in a flask as directed under 

the Volumetric Analysis of Sugar, page 130. The numl>er of 

c.c. of urine used will contain '005 gramme of grape sugar if 

I'avy's solution, or '05 gramme if Fehling*s, was used, and then 

100 X '005 .r» V loo V '05 4.. ... V .1. 

■'- (Pa\7). or ^(rehlmg)* sugar m the 1* 

c.c. useu c.c. useu 

grammes of urine taken. 

(") Estimation of sygar t\y fermentation, 'lake 1 gramme of com 
roercial compressetl yeast: shake thoroughly in the graduated 
test tul>e with 10 c.c. of the urine to be examined, "nten pour 
the mixture into the bulb of the saccharomcter (shown m fig. 49, 
page 313). B> inclining the apparatus the mixture will easily 
flow into the c)-lindcr. thereby forcing out the air. Owing to 
the atmospheric pressure the fluid does not flow back, but 
remains there. The apioratus is to lie left undisturbed for 10 
to 34 hours in a room of ordinary temperature. If the urine 
contains sugar, alcf>holic fermentation begins in about >o to 
]o minutes. The evolved carl ionic acid gas gathers at the top 
of the cylinder, forcing the fluid liack into the bulb. On tbe 
following day the upper part of Uie cylinder is filled with 
lurt ionic acid .ixs. The changed level of the fluid in the 
cylinder shows that the reaction has taken place, and 
by tlie numlicrs — to which it corresponds the 
•fuantitv (»f sui:ar present. If the urine contains more than 
1 [ler cent, of sugar, then it must lie diluted with water bcfcrr 
inrin^ tested l>ialx:tic urines of straw colour and a specific 
gravity of 1018 1033 may tie dilutetl twice; of loai — 1018. 
five tiinc^ . ic:K — 1038. ten times. The original (noC diluted) 
urine contains, m proportion to the dilution, two. fiw« or ten 
times more sugar than the diluted urine 
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L Test for bile, as follows :— 

(ffl) 0/ivt^s letl. l>is9olir'c 2 t;nininies of flesh jicirtonc, as gnmine 
of salicylic acid, and a to. of 33 per cent, acetic acid in 
enough water to yield 200 c.c. cmT pro- 
duct Tlie solution should )k rendered 
perfectW brilliani by passing it through 
froien nitcring paper. The urine, which 
should be very clear, is diluted to a 
spedlic gravity of I'ooS. One cubic 
centimetre of this is added to 3 c.c of 
Oliver's reagent. An opalescence at 
once appears, which will )k found to be 
more or less distinct according to the 
quantity of bile salts present. Keller's 
tonlact niethod can be ad\^ntageous1y 
employed for applying iho test. ''' "' 

{t) Gme/tHs Ust Jiir Hit /•i^iiifiits. I'lace a drachm of nitric acid in 
a test tube, and cautiously |)our upon it an equal volume of the 
urine. In the presence of bik- a play of colours from green 
to violet, blue, and red will Ite observed where the liquids touch. 
(.) /'(tfenkii/er's trst for hilMry addi. Mis equal parts of urine and 
sulphuric acid, add one drop of saturated syrup, and apply a 
gentle heat. If biliary acids Ix- jneseni, the colour will change 
from <heTTy-Ted to deep pur|rie. 
ttMt. ■ tiitious urine a usually of a lioivniih-ctven col'nir. 
. Test for urea, as follows : — 

(•i) ."Separate any allximin (as directed in Moore's test) if necessary, 
and evaporate an ounce of the urine to a synijty consistence on 
the water bath. When cold add nitrii- acid, drop by drop, till 
rrystals of nitrate of urea cease to dcttosit. 
(/) E-tim~iti-ii of unit. This is i>erfornicd by the hyiMibromite [iroccss 
jlrcjily^ivi-nat pa^e 1,15. Normal urine iitnlams 3 to 3 |>er cent. 
Test ffir urir- arid by mivin^ une nunce of the urine »ith one drachm of 
hydroihlorir acid m a beaker, and set aside 
for some hours. The uric acid will lie de- 
[wsiied in reddish-brown irystals, which 
may, if desired, be weighed and pnned by 
the iiufYM'J test. Normal urine contains 
I 7 (arts JUT thousand. 
i volumetrii' method is also used which is 
Utscd on the known fact that argentic urate 
insoluble in ammimia, liut divsolves 
nitric acid. The solutions reijuired 
are:— 1. " ,li, ammonium thiocyanalc " ; 
dissolve alxmt 8 gramnies of ammonium 
thio< yaiutc in a litre of water, and check 
with i'^ argentic nitrate solution; dilute 
for use with nmc volumes of water. 

2. l>iisoUc 5 granimcs of .irgcntic nitrate 
in loo C.I. of distilled waict, and add 
anunonu until the solution becomes clear. 

3. Dilute ;o |«r cent, nunc arid with two 
vtilumrs of diililk-d water, Ixiil, to destroy 

"»"■ "• the lower oxides of nitnigi'n. ar>d preserve 
r?ncfc. front the action of lighL 4. A saturated 
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solution of feme aium. 5. >tron^ solution of ammonia The following \\ a 
dc^ription of the |>ro<-eSN ; — 1'l.ice 25 t .•*. of urine in a Inraker with 1 gramme 
of Nodium htcarl)on.ite. Add 2 or ; ex.. of strong anunonia, and then 1 cyr 
2 c.c. (or an cxcesN) of the anuuoniated sihcr solution. A special procedure 
is neccssar)' in order to rolle«t the precipitate, as follows:— Fill a glass 
funnel to alx)Ut one third with broken ^lass. and covrr this with a bed of good 
asbestos to aUiUt a ([uarter of an inch deep. This is best done li)* shaking 
the latter in :i flask with water until the Hbres are thoroughly separated, 
and then |K»urin^ the emi:lsi(»n no prepared in sciiarate portions on to the 
broken ({lass. < hi aciount of the nature of the precipitate and of the filter, 
it is necessary- to u^e a Hunsen water pump in order to suck the liquid 
through. Having tht:s < ollerted the precipitate, wash K with distilled water 
until the filtrate ceases t(» lieconie oialescent with a ^^olution of NaCI. Now 
dissolve the prei'ipitate by washing it t!irough the filter into a beaker, with 
a few cubic centimetres of the s|h.*cki1 nitric and. Kstimate the siKx*r liy 
V(»l hard's method thuN : — Atld tn the liquid in the l>eaker a few dro|>s uf the 
ferric alum s(»!ution to act as an indi<ator, and from a burette carefully drop 
in |^„ ammonium t[ii(M')anate solution until a f permanent a*d colour appears. 
The numlxrr (»f r.c. ii^ed, multiplied by oooWiS. ^ive^ the amount of uric acid 
in the 25 c.4*. of urine. ( )ne milligramme may Ik- added to this amount a^ an 
allowance f4»r average loss, and the whole multiplied by 4 gives the percentage 
of uric acid in the unne. The sodium bicarlx>nate is added in the early part of 
the process, to prevent dccomfKisition of the argentic urate, which would other- 
wise occur. This method has, however, Ijeen lately stated to Ik: unreliable 

9. Test for phosphates, as folIowN : 

(tt) Add to one ounce of the urine a slight excevs of anmionium 
hydrate, and l»oil. ('a;(iH)«), and MgNH«lO« will both be 
precipitated, and the |»recipitate. if more than a distinct cloud, 
should Ih: filtered out. dissoUed in lUX and analysed li>' the 
ordinar} process ala-ady gi\en f(»r phosphates. 

('•) After filtering out the earthy i>hosph.ites as alx>%*e, alkaline phos- 
phates ma\ lie tested for h\ adding i'Utj^nfiut mixturf to the 
filtrate, and gettin,:: the usual {irL-ripitate of MgNH«ro« after 
standing some hours m a cold place. 

(.; EM'Kitti K •///; .*';ifA .. This 1^ done by the volumetric prooeift 
with uramc nitrati.-. alread) dcscrilied at loge 131. Niwmal 
unne < onUiin^ j t«» ; |»art* P-O-. \n:x tln»Usav.d 

13. Test fi»r sulph.ites. as f<i11o\\s . — 

Aciilulate a little <»f the urine »itti Hi I. Maim, and add excrs-* of 
Ha( L. If the preiipitate appear to^i t dpious. estimate as usual, 
u^ing 50 < .c. urine (sti jap- \\2\ N(»rma! urine contains 
I 5 to 3 parts'SO; jn.r thousand. 

1 I. Test fur ch!(iridis, as fullnu^ . 

Acidulate a little i>f :he unne ^X\\ MNO . .inii .uM excess of argentic 
nitr.ite If ::;t. prL-ripitate tiuis produ* ol looks vet)* large, A 
uci^hed qii.intitx of t:ie unne should \yc taken, and thechkiridcs 
e^t:!Ti.i:L-il li\ \ nihanJ s iiietb.fHi (M.-L- lUiic iiS). Normal urine 

1 untjir> 5 t I 13 p.trts ^(n!:liii • hioruK |K.-r thi»usand- 

\i /*."•%:' i^ lH.-st MTtn under tht pih r«»^ ii|h. . but unne- containing it has 
a!wa>-* a vcrx fhaMi it r^^::! siirik) ap{K-arjn< c .\ ti«*. for Mood is to acM 
tmct'jrv « f ;:ii.i:.i( i:pi anii etr1erc.1I su!ut:or. uf hviirit^er; peroxide, which pro* 
duct- a vi)<pr;:r(. '•!.(. S;:* nucIi • oiour of itself *.\<>;.idnot lie taken as positive 
p'v.'i »::f»"-.;: v '^ M"'Ki il's^H !i<.;r.j:s ais'j \i^ib!e i.nde* the microscope. 
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DIVISION III. ANALYSIS OF URINARY CALCULI. 

The following table will show at a glance the compositions and methods of 
proviog the various calcuh. 

L GUeili, fragieirta of whieh« heated to redaeit on pUtinaai. 

entirely born away. 



Nasi. 



;rid acid, C^N.H.O^ 



AiHHMmwiH nnUc 



I 



CsrilSBe, CH,^\S,0, 



Xamhia. QH.N.O^ 



I 



KhTBICAL CNAJlACTKKt. 



Brownish-red ; smooth 
or tubercuUtcd ; 
coDcaitric Uminx 
(commoo). 



CUf-coloureH ; nsomllj 
smooth, and rmrely 
with fine concentric 
Uminx (uncommony. 

Bfowntsh-fcllofk-. 
scmi-traotpftrent and 
aystmllioe (very un- 
commoo)* 

Pale polished brown 
suTttce (very un- 
common). 



Chemical Cna«acti»«. 



I 



InsoluMe in water ; soluble in KliO 
by heat, but evolves no Nli. ; dia- 
solves with eflrcrvctoencc in HNO^ 
and the residue on eiraporatinf the 
M>lution is red and gives the mmrrsui 
test. 

Soluble in hot i^ater : soluble in 
heated KHO. evolving Nll^ Be- 
haves with IINO, like uric acid. 

Insoluble in II«(>, alcohol, and ether. 
Soluble in Nli«HO, anddepositine, 
when allowed to evaporate spon« 
taneonsly, heaapmal plates. When 
heated, gives on odour of CS- 

Soluble in KHO ; soluble in HNOi 
wiihtmi efintsttmee^ and the solu- 
tion leaves on evaporation a deep 
yellow residue. 



fragments of whieh, heated t 
do not barn away. 



I 



Naiis. 



Calcium 



j Physical CitAiiAcrtas. 

osalate, , Deep brown, hard, and 
talcMims, I rough ; thick layers \ 
(common). 



Cnbhical Ci«ABAirsa%. 



Tricalcium photphatc, 
S^m^ earth %mJ<mIm , 



Pale brown, with rcgu- 
Ur lamina* (uncom- 
mon). 



Magnrstum ammoniam While, bfiltle, iryv . 
pboiplutc, /n/iV tallinc, with an un- 

fk0ipkai€ t«»*mi9t\ rttn and iiot u%uall)r • 
MgNII.ro. laminatc«l surface 

( (uncommon). 

Miicd ph(npbate« "f White, and rarely 
Ca, Mg. athI Nil,, j laminated. 
fM.ttlf .tiiului 



Insoluble in acetic acid, but soluble, 
without effervescence, in IICl; 
heated to redness, it is converted 
into CaCOp whidi di«M>lve% with 
effervescence in acetic acid, and the 
ikolution gives a while fitccipilatc 
with ( N 11 JJL'yO^ I leatcil slroi«ly 
l>efore the iMow-pipe, CaO remains, 
which, when moistened, is alkaline 
to test-pa|ier. 

Infusible I«f6re the bl4iw>pipe, and 
rcstilue, when muiMcnnl. is nut al- 
kaline. .Soluble in HO, and the 
solutH>n gives a jctimhtmmi |ircct|4- 
talc with esccst at N 11,110. 

Kuuble with diflicvlijr before the 
blow-pipe, evolvintf Nll^ and re* 
sidue ncil alkaline. SoHililc in IICU 
and solution gives white eryUmtUm 
precipiute with NII,IIO. 

Resdih fustttle befure the blow -pipe. 
SoluW in acetic aikl, and Milution 
gives a white |»ffecipitale with 
(Ntf,),(\0^ an«l the hltrale from 
that prccipiiate give* a while prt- 
cipitale with csccss tA NII^IIO. 



CHAPTER XII. 

THE TAKING OF MELTING, SOLIDIFYING, AND BOIL- 
ING POINTS, POLARISATION ANALYSIS, SPECTRUM 
ANAL YSIS, AND THE ANAL YSIS OF GASES, 



DITISIOV I. THE TAXnrO OF MBLTDrO, SOUDIFTDie. AID 

BOILDIO POnfTS. 

(i) Meltiag Peinto. Many methods have tiecn from time to time 
proposed, but the following will lie found to be sufficiently good for all 
ordinary purposes, and is, moreover, the method officially adopted in the 
Phannacop<eia. 

A piece of narrow glass tube is softened m the gas flame and drawn oat* so 
as to give it a long thin end with a capillary )x>rc. The fat or wax is melted, 
and a little of it is sucked up into this capillary tulie and allowed to solidify 
therein. The tulje is then tied to a delicate thermometer, so that its capillafy 
end (having the semi-opaque column of solidified fat inside) jtist resta agunst 
the bulb of the thermometer. Both are now supported perpendicularly in a 
beaker of water, and heat is gently applied to the same. The rise of the 
thermometer and the appearance of the tube of fat being both observed, the 
height of the former, at the moment when the column of fiit beco m es tnnt- 
parent, is noted as the inciting point re«)uired. It is always useful to repeal 
the process three timi-s and to take the average as the true melting poinL 

(2) Solidilying Pointt. It frc<iucntly happens, especially in solid Ctfs, that 
this is a more constant factor than the niettmg }M>mt. Wc heat the subomoe 
to a temperature of aliout ten decrees alK)ve its melting point, and pUoe it in 
a glass cylinder surrounded by < otton-wool. Wc then stir slowly with a 
delicate thermometer, and, as the li \\i\\\ * o(»ls, the temperature reguhrhf fidlii 
until a moment arrives when, .iftcr a slight ^ause, the thermometer toovt a 
sudden rise of a frartion of a dc^r^e. This is then the solidifying poial of 
the fat. 

(3) Boiling Points. Procure a test t.:lie fitted with a cork through which 
IS passed a delicate thermomcti.-r, .ind alsii a short tulnr bent twice at a r%hl 
angle (thus . • ) to allow of the e^ ape ^f va|>ourv. Introduce about f cc 

of the li<)uid, put in the cork and arrange the iheriiiometer so that its hob it 
just abcjve the surface of the li'iuid. bu: n<*t tourhin^ it. Now apply a soittble 
heat, when the mercur>- in th<; :hcrm'>me!er will rise until the liquid boih^ 
and will then remain stationary until all h i% cva;>'jrateil. 'Ilie point to which 
the mercery thus rises is the Iwiling fxiir.*. wf the iii)uid. With ccftltB lah^ 
stances (such as iiieitcd hydrous chhiral; which il< I not Unl without * 
It » necessary t) mtrinJuce a few fragments of Sriken glass or recently i^ 
«-lay tobacc'i \'1]m:. .Ml t><Mling (»oints are supposed to be taken OMCr a 
normal barometnc pressure (7C0 mm., or 299 irKhesk, therefore 
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always read the pressure for the day, and either add to or deduct from the 
obacT v cd bofling point o'l ' C. for every 2*7 mm. of barometric variation. 

KTmOS n. AVALT8I8 BT C OtCULAE TOLA&ISAnOS. 

THE SAOCHABOMITEE. 

Crystals which do not belong to the regular system (notably calc-tpar) 
•seM the power of J*mi*U refraction. That is to say, when a ray of light 
iaSk upon them, it is divided into two rays, one of which follows the ordinary 
rule of refraction, while the other ukes a totally di/Terent course ; and the two 
rays are called respectively the ^ oidinary ** and the ** eztraordiiuury ** ray. 
The most convenient polarising medium is what is called a ^ Hool*t prisB.** 
It is composed of a crystal of calc-spar cut into two portions in the direction 
of its axis, and the two parts thus ootained cemented together with Canada 
balsam. When a beam of light enters the prism, it is doubly refracted by the 
^rsi portion of the crystal, and the extnUMtUiuay ray only passes through the 
•eoQBd portion to the eye of the observer ; while die oruiuury ray is com- 
pletely reflected away by the layer of Canada balsam, and so lost to view. 
When this extraordinary ray is examined, it is found to possess peculiar 
properties, such as showing colour in transparent bodies which are usually 
colourless. This is accounted for by believing that it has become palariian 
— #>., that all its vibrations have been reduced to the same plane. If the 
polarised light thus obtained be examined by means of another Nicol's prism. 
It will Ije found that, when the two prisms are placed with the principal 
sections parallel to each other, the ray will pass freely ; but if the second 
prism, calle<l the analyser, be then turned round, so that its chief section is 
at right angles to that of the first, the polarised ray will in turn be entirely 
reflected from the layer of lialsam, and no light will now reach the observer's 
eye. This holds good so long as nothing intervenes between the two prisms ; 
but it has been found that certain bodies, such as quartz, possess the power, 
when inter|)osed between the pirisms, of giving a colour instead of darkness, 
owing to their possessing the power of tn^isting the polarised ray from its 
original plane. Such substances are said to possess the |>owcr of etrralar 
polariiaaon, either in a '* right-handed " or '* leAhanded " direction, accord- 
ing as it IS ncce-sar}* to turn the prism either to the right or left from its 
proper position, to once more produce complete passage of the colourless 
polarised ray. The direction of the rotation is indicated by the use of arrows, 
thus : c^^. Cane sugar, gra{)e sugar, dextrin, maltose, creasote, camphor, 
turpentine {Afufn.itn)^ rinchonine, castor oil, croton oil, and lemon oil, rotate 
the plane of the (K)larised ray to the right ; while fruit or (invert) sugar, quinine, 
« irurhonidine, turpentine (Frrtuh)^ and many essential oils, morphine, etc, 
have a left-h.andetl rotation. 

There are two varieties of quarts known as right-haiKled and left-handed, 
one of which rotates the plane of polarisation to the right, and the other to 
the left. If a plate of •}uart/ 1 millimetre thick be placed between the two 
** Nicol's,' the ray of polarised light is rotated, and, instead of being colourless, 
%s coloured, changing to all the colours of the spectrum as the analyser is 
turned^ until it once more becomes colourless, and the amount that the 
analyser has to )>e turned (registered by a |)ointer on the degrees of the 
< ircle) IS the index of rotary polarisation possessed by the quartz either in a 
fight or left handed direction. If the turning of the analyser lie now con- 
tinued, colour will again show itself, but this time it will be the colour 
,^'*n/*hmfr,!,uy to that at first produced, llius, if we start with a plate of 
juartz showing red l>etween the uncrossed prisms, and rotate, we nhall find 
:hat, when wc have turned through an angle of 45 ', we get no colour, but 
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after that wc Inr^in ti) ^ct the coinplementar) colour >;recn, which becomes 
most intense at the right an^lc of t^o'', when the prisms are crossed. The 
IK>larisi'0|K: as used for arulysi^ i< therefore essentially (tr) a Nicol's prism 
arting as a |Nil.iriser. </•) a plate of quart/ usually divided down the centre. 
the one side Iti'ing ri^lit -handed and the other left, U't a tul>e to contain the 
solution, <f/) another " Nicol " rafiable of l)eing rotated, and having a pointer 
aain^ on de^iee> of the rircle on a M.ile, (i^i a telesrufH.* to focu^ the hne 
Ixftween the twn -ide^ (if the (juart.-:. When the {tointer i^ placed at zero. 
the tulic tilleii uiih water, and the line fixrusscd, no colour in seen on either 
side of It ; hut it' a solution, sa\ of sugar. Ih; introduced, colour appears on 
one side of the line acrtirding tn the nature of the sugar, and then the 
distance through uluch the i>ointer has to lie nio\ed round the graduated 
circle to gel hotli side> of the ijuart/ colourless is the degree of rocar)* 
polarisation. In practice. inomKrhroinatic light from a sodium flame ift 
employed, which causes a dark shadow, instead of a colour, to ap|iear when 
the instrument i<< used. m> enabling colour-lilind fiersoa^ to cmpio) it without 
difficulty. Another reas4iR for the employment of a definite monochromatic 
light lies in the fact that the rotating power of Uxlic^ alters according to the 
ray of the sjiectruni UM.d. Inring least for the red rays, and increasing till it 
reaches it> highest |)oint at the violet end of the s|)ectrum. Optical deter 
minations are nude in a dark room, and the instrument is illuminated by a 
licad of fused sodium chloride held by a platinum support in a "Bunsen"* 
flame. Light thus ol>tiined corresponds to that emitted at the I) line of the 
solar s])ectruiii. 

Since the deviation of the pbne of ix)Iarisation eitlier to the right or to 
the left of the zero jwint is direct 1> proportional to the length of the roiumn 
of liquid, it is im|K)rtant that the ol>scr\ations should Ixr made with tubes of 
a definite length, such as loo. 50, or 25 mm. The selection of the length 
of the tube to be emplo)eil is, howe\-er, usually de|iendent u|)on the depth 
of colour of the litpiid and the extent of its optical rotation. The rocatoiy 
power of an optically active, liquid substance, ol>ser\'ed with sodium light, 
and referred to the ideal density 1. and in a tul)e having a length of 1 deci- 
metre Mco mm. ), is desigiuted as its (/Vi7/Sr\ r.^AiATi /*>»:tr9. This is usually 
expressed by the term ['t]i.^ Since, however, not only the density of an 
optit ally active liquid, but also its rotation, is influenced by the tempcraRire. 
the M|)ei*iHc rotatum varies with the latter. In stating the specific rotation, 
it IS therefore necesvary to indicate at what teminrrature the rotation and the 
density of the liquid have been determined, liut for the same temperatuir 
the s{iccific rout ion of a pure, optnally active li(]i:id is always a comtani 
niimlter. Ti» Ube the instrument He make a solution of the liody to be 
examined of a defmito |H.-rcentai{e strength b) dissuUing a certam number 
of grammes m loo • c nf a soUent We then fill the tulie, obsene the 
degree of rotation pniduced. and from t^at uc < .ilculate the absolute angit 
I't rotatiiin for the s4Klium liglu 'aUa\s expressed a^ [<ri:,) by the foUown^ 
fur II. I.".. I .md f.ii tnr% - 
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\i tlK abtofaite angle ibut ibwid coincidci with that obuined from the uae ^uUtance in a 
•CMC olpyfit^, then the mrtkle under eiiminination U pure ; but if noC then m Mmple percentage 
cnkalitKNi wvn% the impuritj. 

That UMj^ln of pate cane sugar = 66*$- A sample examined at aliove gave an t«|n = 65*5 

TiMn : ^-^ = per cent of real ^ugar present in the aampic 

06*5 



DlVmOV m. SPBCTRITM AVALTSIB. 

When a ray of sunlight is allowed to |ia.ss through a prism, it is deflected 
and dUferud into a number of rays dtfTering in their degree of refrangibility. 
When these rays, as they pass from the prism, are raused to fall upon a white 
stirfiioe» they are obser\ed to ha\*e a marked difference in colour. ']*he image 
so ptoduced Is called a speetmm; and when sunlight is thus treated it is 
foimdtogi%'e a spectrum consisting of the following colours — vi/., violet, indigo, 
Uiie« green, yellow, orange, and red The violet end of the s|>cctrum, owing 
to its greater refrangibility, is always the nearer to the base or broad end of 
the prism. By this means of separating the ray.N of light we are able to ascertain 
the peculiar properties of each of the colours which go to compose it, and 
we find that the chemical acti%ity of light resides chiefly in the most highly 
refrangible rays just outside the %iolet end of the visible spectrum, which 
are called the actinic »)*$ ; while, on the other hand, the heat transmitted 
b> the sun is most felt at the opposite or red end of the spectrum 

Further research has demonstrated that, if we substituted thtr light emitted 
from %wous l)odies in a state of incandescence to the action of a prism, the 
image or spectrum produced varied in each case, and was, moreover, almost 
characteristic of the particular bodies employed, 'lliis discovery led to the 
invention of the s|iectroscope, which, in its simplest form, consists of a 
metallic diaphragm with a narrow slit, through which a ray of light from the 
burning body is allowed to pass and is condensed by a lens u|x>n a prism 
of glass, or, better still, a triangular bottle of thin glass filled with disulphide 
of carbon. At the opposite %\Sit of the prism is a short telescope, so arranged 
that an observer, looking through it, sees the spectrum or image produced 
b) the light aAcr passing through the pnsm. This telesco|»e works upon a 
graduated scale, by which its position for viewing any particular line ol)scr\*ed 
can be noteil. 

When ordinar) solar light is examined through the spectroscope, a number 
of dark lines are found crossing the image at certain fixed points They art- 
called ** Fravnhofer't liaat,** and their position is characteristic of sunlight. 
It has lK*en proved that such lines are only formed when the source of light 
contains volatile substances, as we find that the light emitted by a non-volatile 
heated body gives a contmuous image, de%'oid of lines. If, for example, a 
pUtmum wire lie heated to a high temperature in a Hunsen burner, and the 
li;:ht thus produced l>e examined, no lines will be visible ; but if the wire Ik: 
now tip|)ed with a fragment of sodium chloride, and once more ignited, a 
Iwight line hiII suddenly appear in the yellow of the s|>e<*trum. and in so 
dazzling a manner as to render the whole of the rest of the image almost 
invisible. In carrying c»ut this system of analysis, therefore, it is only necessary 
to |ifocure a |»erferily clean piece of platinum wire, with one end Ijent into 
the form of a l<Ntp, c.nd place a Hunsen gas burner in such a |M»sition that the 
rays from an> thing heate<l in it will |iass inti> the S|ie<*trosco|)e The wire is 
then tM lie m(>t>tcne<l with a little hydrochloric acid, and. having )>een dipped 
n the sulistance to \k examined, is to Ik- held m the hottest portion of the 
Hunsen flame, and its spectrum simultaneously oliserved through the sjiectro- 
V o|)e, noting carefully the colour. numl)er, and (XMition on the scale, of the 
i'TT'^ht lines produced. When thus examined we find that potassium exhifnts 
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• )nc bright line in the red, and one in the blue: hthium, one bright line in 
the yellow, and one more Uilliant in the red ; strontium, one blue, one 
orange, and six red lines ; liarium, a numlwr of lines chiefly green and yellow ; 
calcium, three distinct bright yellow lines, one within green, and some bfOttd 
but indistinct ones in the orange and red : and lastly, sodium, the single 
bright yellow line already mentioned. 

The student must commence with the examination uf pure salts, carefully 
noting for reference the position of the index of the telescope on the scale 
where eat ii < haracteristic line is found. When it is desired to examine any 
mixture, the telesco|>e index is brought to the required position and the 
substance is examined . if the proi^cr line is seen, then the element searched 
for is present . if not. it is absent. If we examine ordinary* light which has 
l>cen made to |ass through ••olutitms of various coloured bodies, we obtain 
dark l)ands analogous to the lines of Fraunhofer. These are called ahnrpliiB 
spectra, and are very useful in the detection of soluble colouring -matters. A 
solution of blood, for example, shows characteristic lands in the green of the 
spectrum. All this i^ a matter of s(>ecial study, and to go farther into it would 
Ik! lieyond the <cn\\c of this volume. 
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This <»iK;raiion is < < inducted by measuring a volume of the mixed gas under 

r definite conditions of ti:m|N.*raturc and pressure, then 
exposing it to the action of some sulistance having the 
powir of abMirbing some one constituent of the mixture, 
and again measuring the gas left. By seeing that the 
inside •>f the measuring tulx* is always kept moist the 
(Question of tension of .uiueous vapour is equalised all 
through the exfieriment, .ind as numy absorbents as 
iii.iv Ix* necessary .ire employed in turn. Many of the 
^.is-me.isuring appliance^ .ire large, costly, and require 
:o !« kept m si)eci.il ro«»ms devoteil to the purpoac 
Mem}Kl has. howe%'er, devised a gas-measuring appa- 
r.ic-js which i"* re.iS'tn.iMe :n price, and yet is capable 
f me.isuring ^.is volumes with very lair accuracy. It 

< or.sists essentially of a vessel frjr measuring volumes 

< •! ^as kn' >wn .is a Oas Boretta— and a numlxr of other 
vc><^^!s c.illed Oas Pipettes^in which the neccaury 
.ibsiirptions art.- carried out. 

The Oas Burette (tig. 511 is an arrangement sisailar 

:> the Nitrometer already fully describcxl at pace 133, 

.md Ls < omposed of two tulx-s, \ and B. The tube i is 

kiraduatcd in cubic centimetres, and has a capacity of 

ICC •.!'. It In <-li>sed at by a pietx of india-rubber 

A \\i\k .md a pinch cot k. .ind .u J is connected liy a loog 

/ U-. / 'lexiS.e iul>e with \. To measure off a volume of gv 

* V ' "■••"•'•e in w.iUT, the two tulies .ire .''/'i/Zr/^/r filled 

Y \ water. ■ it • ."Nf-d and \ i^ {arttally emptied. 

I r- "^ - -.:^ ne*t:'in is now made at • with the vessel 

^ ..'^' the kiJS • i^ o(>cned, the ^as tltms into 1) and an cqosl 

v-'i .::ic ')f water runs int-i \ < which is placed on a 
lower level if nfissary . .ind .ifter adr.>:m^ the level of the water in dtt 
rwo t.iki*-' the \o'.-.;ine I** rr.nl •»n. 
Of the Oas Pipettes t'lere .i-e :^;ee f .rp>. i \c. 52 is a umgU fifdk^ 
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aad hu two bulbs, i: and t, conncctetl by a tube, /. The bulb k tcrniinates 
m a capillai]- tube k, by which connection is made with the ^ burclte. 
la iBtng the pfpcttc r. is completely filled with the reagent intended to act 
<B the gas. The gas burette is closely connected with k by means of a small 
Uack nibber tube, and )>)' rabing a and opening c the gas is forced into k, 
pvt of the reagent into r. After the absorption — which may lie c)uickcned 





b)- shaking — is completed, the ga& is again allowed lu flow back into mV is 
closed, the water levcU are adjusted, arid (he rolume ts read off as before. 

Fig- 53 is a modification with an opening at / closed by a cork. It is 
adapted for use with solid reagents, t.g-, moist phosi>horus for the ainoqition 
of oiygrn. 

^>8- 54 i^ n .I'mfrmnJ a/-si>rMiiin f^pttU, and is for use with solutions 
which rvtitirc to be presencd from the action of the oxygen of the air. 




F<t- 1*. 



such u alkaline solution of potassium pyrogallate fur absorbing'osygen, or 
ammoniacal t-u|>rous chloride lor absorbing CO. The bulb K isifillcd with 
the Mdution. [hi- Imll) <i with distilled water. By means of the water in c the 
soluiiun I* t*i««fd to the action of only a small quantity of air in ^, which ts 
•(uickly dopfiied of its osygen, and thus the absorbing power of the solution 
remains iinmiiMind. 

To i>erforiii an aiul>>i% looc.c- of guare measured off in the Iturrtle. thifc 
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volume (leing chosen so that the result of each al>sorption may repreaent, 
without calculation, the percentage of volume of the absorbed gas contained 
in the mixture. As many pi|H;ttc5 arc prepared and furnished with the 
necessary reagents as there are constituents in the gas. The gas is then 
liassed into ea« h of these, allowed to remam a sufficient time for the absoqKion 
to take place, a^ain collected in the burette, and the change of volume noicd. 
The chief absorlx'nts employed in gas analysis arc as follows, it being 
understood that it is necessary to employ them in such an order as shall be 
suitahlf ' to the particular mixture of gases under analysis : — 

A. Strong solution of potassium hydrate alisor^M CO9. 

A. I vol. of 35 (ler cent, solution of pyrogallic add + 6 voU. 60 per 
cent, solution of KHO absorbs Os (after removal of any gas 
alKorlxxl by K HO alone). 

i\ Moist phosphorus al>sorbs oxygen, but not CO|. 

i) i oncentrated solution of cuprous chloride in dilute hydrochloric 
acid al>sor))s <'() < after removal of CO and O^ with alkaline 

pyrogallate). 

/: .Xmmoniacal solution of cuprous chloride a(>sorbs CfHf, afkcr 
removal of CO, < '< ),, and < ). 

/. I'alladium l)Uck absorbs hydrogen, but not CII4. 'llie palladiiUB 
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blat k IS contained in a U tul>e, one limb of whicfa 
connected to the burette, the other to a simple 
pipette tillt-d with water. The gas is passed hackwanli 
and forwards over the |Mlladium several times, and conplcic 
absorption takes place. 

solution «>f sulphuric anhydride in strong sulphuric acid, or 
solution of bromine, aljsorbs <*:ll4, and the other 
hydroi*arbons of the series i \H.^. and of C,Hj^^. 

Vhr addition o( an excess of pure oxygen, and absorption with 
alkaline pyrogallate. will remove NO, together with thecaccaaof 
oxVkicn ubcd. NO 1^ al^o readily absorlied by volution of 

1 c'x \. 

/. Nfarsli jias and nitrMi;cn art- Ictt to l)e estinuted 'by 

I hey may Ik- seiurated by adding more than douMe the vali 
of pure oxygen, measuring the total volume, and paainc the 
mixture into an c xflosum ftfrttt di^. 551, where it is ignited fay an 
electric spark )>etwc-en t«o platinum terniiruls fused into llM 
up|M:r part of K. The marsh gas then forms CO, and H|0^ 
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the resulting gas having been treated in the KHO pipette to 
remove the COj, and then remeasured, ^ of the total loss in 
volume represents the CH4 present. Lastly, the excess of Oj 
having been removed by alkaline pyrogallate, the remainder 
is N2. 

/. If the mixture should contain HCl, HBr, HI, SOj, HjS, and NH3, 



^r\ 




Fig. 56. 

all of which are soluble in water, they are previously dissolved 
out thereby in a special apparatus (fig. 56), and the solution so 
obtained is treated by methods of gravimetric and ordinary 
volumetric analysis. 

Full details of the analysis of gases, beyond the scope of the present work, 
will be found in Sutton's " Volumetric Analysis." 
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A. 

Absorbents in gas analysis, 222. 
Absorption, pipettes. 221. 

Spectra, 220. 
Acetanilide, 84 and 88. 
Acetates, 47. 
Acetic acid, 47. 
Acetic ether, 87. 
Acidimetry, 114. 
Acid radicals, detection of, 29, 

75- 
Gravimetric estimation of, 

151- 
Adeps lanae, 90. 

Air bath, 140. 

Air, sanitary analysis of, 174. 
Albumin, 2x0. 
Albuminoid ammonia, 171. 
Alcohol.e8tiroation of. in spirits. 
etc., 178. 
Tableof percentages of, 197. 
Tests for— 
Amyl, 87. 
Ethyl. 88. 
Methyl, 88. 
Alkalies, organic salts of. esti- 
mation of. 112. 
Alkalimetry, 109. 
Alkaline course, 59. 

Carbonates, estimation of. 

X12. 
Hydroxides, estimation of. 
III. 
Alkaloidal strength of scale pre- 
parations, X9a 
Alkaloids — 

Cinchona, separation of. 86. 
Detection of. 84 to 87. 
Estimation of, 187. 
Table of reactions of, facing 

p. 87. 
Tests for. 84. 
Aloin, 90. 
Aluminium, 20. 

Gravimetric estimation of, 
148. 
Ammonia, 135. 

Albuminoid, 171. 
Free, X70. 
Ammonium, 27. 

Gravimetric estimation of, 

Amyl alcohol, 87. 
Amyl nitrite, 87. 
Analysis — 

Air.sanitary analysis of, 174. 

Bread, 180. 

Butter, 178. 

By direct oxidation, 123. 

By immiscible solvents, 187. 

Coffee. X82. 
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Analysis (confd.) — 

Colorimetric. 136. 

Coloured sweets. 182. 

Drugs, 185. 

Essential oils, 191. 

Flour, 180. 

Food, 175. 

Gases, Hempel's apparatus, 
220. 

Gravimetric, 142. 

Milk, X75. 

Mineral, of water, 157. 

Mustard, i8x. 

Nitrometer, by the, X33. 

Oils and fats, 194. 

Organic, ultimate, x6a 

Pepper, 181. 

Polariscopic, 217. 

Qualitative, t to 93. 

Quantitative. 94 to end. 

Scale preparations. 91. 

Soap. aoi. 

Spectrum. 219. 

Starch, 182. 

Urine, 2x0. 

Urinary calculi. 215. 

Vinegar. 184. 

Volumetric. 104. 

Water, 167. 

Waxes, 199. 
Analytical factors, use of, 142. 
Anion. 7. 
Anode. 6. 

Antifebrin, tests for, 88. 
Antimonic acid, 46. 
Antimony, x6. 

Estimation of, 146. 
Antipyrin, tests for, 90. 
Apomorphine, 85. 
Apparatus. xo6, x6a 
Argentic nitrate, standard solu- 
tion of, X15. 
Arseniates, 45. 

Estimation of, 155. 
Arsenic, X5. 

Estimation of, 146. 
Arsenic acid, 45. 
Arsenious acid, 44. 

Estimation of« 119. 
Arsenites. 44. 
Ash of— 

Filters, 139. 

Organic bodies. 141. 
Assay, alkaloidal, of— 

Cinchona bark, 189. 

Nux vomica extract, 188. 

Opium, 190. 
Extract, 19X. 
Tincture. 192. 

Scale preparations, 190. 
.Atropine. 85. 
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Balance, 94. 
Barium, 24. 

Chloride, standard solutioi» 
of. 132. 

Estimation of. 149. 
Barks, cinchona, assay of, 189. 
Beer, alcoholic strength oif. 178. 
Bees' wax. analysis of. 199. 
Benzoates. 51. 
Benzoic add, 51. 
Benzin (petroleum), 87. 
Benzol. 87. 
Bichromate of potassium, stan^ 

dard solution of. 128. 
Bile (urine). 213. 

Ox, 91. 
Bismuth. 14. 

Estimation of. 145. 
Blood (urine). 214. 
Budeker's method. 911. 
Boettger's test, 212. 
Boiling-{>oint, $• 

Taking the, 216. 
Borates, 37. 
Borax beads. 60. 
Boric add, 37. 

Estimation of. 156. 
Boyle's law, loa 
Bread, analysis of, i8a 
Btomates. 31. 
Bromides, 5a 

Estimation of, 116, 151, 154. 

Estimation of. in preieaoe 
of chlorides, 116. 

Separation of. 53. 
Bromine. 39. 

Estimation of. xai. 

Standard solution of. 12a. 
Brudne. 85. 
Bunsen burner. 9. 
Bunsen's battciy. 6. 
Butter, analysis of. X78. 
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Cadmium. 15. 

Estimation of. 144. 
Caffdne. 85. 
Caldum. 25. 

Estimation of. 149. 
Calculi, urinaiy. aiMlysis oC 

Cane sugar. 9a 

Carbolates. 51. 

Carbolic add, 51. 57. 

Elstimation of. in aonp, '. 
{ Carbon. 36. 
j Dioxide in air. 175. 

I Estimation oC 161. 
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let, 361 

matioii of (fimvi- 

ccik), iss* 

of (vohi- 

). iia. 

IWnuitkMi of soluble, 154. 
c acid, 361. 



, use of. 8. 
I's Uw. loow 



t. 
hjfdnte, 115. 304. 
TiHUfor. 9a 

QmnmetiK estimation of, 

KI. 

▼«6metric wtimatioQ of. 

116. 
Vokimcthc cftimatioo of, 

«kh bromides, 116. 
Wkh bromides, detection 

< 53- 
With iodides, detection of. 

SS 

Astiiable, estimation of, 

iai. 
Estimation of. in soltttioo. 

I jt. 
la organic analjrsis, r66. 

in. tests for. 87. 

•.45- 
acid. 45. 

I. 31. 

ition of. 148. 
C V ys ayoU n. trsu for. 9a 
Ciachoaa. assay. 189. 
Ciachoaidine. 86. 
Cmchontac. 86u 
Ckraies. 50. 
Citnc acM 5a 
Qark'i process. 17a. 
Cobalt, ry 

Estimation of. 147. 
Cocame. 85. 
Codnae. 85. 

Cocftcient» for analysis, 137. 
Cofler. anal )rsis. 18a. 
CoikMds. 6. 

Coiorunetnc anAljnii. tj6c 
Copper. 14. 

K«tUBai>an of. 144. 

Felihac « ttuKlAid solution 
ci. tag. 
Cocion oil. \r\\ for. to Urd. 196. 
CrtMSoSP. V 
Cr«cibAp. RtMc't. ^ 
(rxtfn proopM. iM. 
C rystamiatKjn. v 
( ctpcUatioo. 4 
( fanates. ai. 
K ymsic acMi. \i. 
Cyantdrs. 40 

EstimatKin of, p^Tiaetric. 
151. 
Volumetnc. ti6. 
« yaAOfen. 40. 
c yaaoTK actd. 41. 

D. 

lW<aAtAtion. 3 
Density, rapour. tot. 
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Alkaloida. 8ia. 

BromiBty bydf obftxBic acid 

and bronldes, 30. 
Bromides in pnaeoos of 

iodides. 51. 
Carbolic add in prtMooe of 

salicylic add. 57. 
Chlorides in praeooe of 



bromklai. 53. 
Cbloridee in p r cj cB ce of 

iodides, 53. 
Chlorine, hydrochloric add. 

and chlorides, 99. 
Cjranidea in presence of 

ferro- and ferri<yanides. 

Formate in presence of 

filed organic adds. 56. 
Inorganic adds, 78. 
lodate in an iodide, 54. 
Metals. la 

In any simple aah, 61. 

In complex mixtures. 65. 
Nitrate in presence of 

iodide. C5. 
N itric add ( free) la presence 

of nitrate, 55. 
Nitrite in presence of a 

nitrate, 55. 
Organic adds. 8a 
Organic bodies tised in 

medicine, 87. 
Phosphate in pr esence of 

calaum. barmm, tirono 
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ttum. 

iMsmm. or 
Soluble sulphide 
seace of sulphite and 
sulphate, ^ 
Sugar. 75. 
Dialysis. 5. 
Dig^ve ferments, analysis of, 

803. 
Distillation. 4. 
l>rageBdorfrs tables. 86. 
Drugs, analysis. 185. 

Resinous (strength ol). 193. 
Dumas' process, 16^ 



Ebullition. 5. 
Kiaiehn. tests for. 98. 
tUectrolysb. 6. 
Klectrolyte. 7. 
Kstential oils. 191. 
Ether, acetic. 87. 

Nitrous (estimatioQ). 133. 
Ethyl alcohol, lest for. 88. 
Kthybulphates. 47. 
Estimattoa of— 

Acids. 114. 

Albumin, aio 

A lco h olic bodMi la cMta- 
tialoOs. 908 

Aldehyda ia essential oib. 

Alkaiiae caiboaaies. iia. 
hfdruak iM. iit. 
AUmloids. 84. 
AUyMaodteyaaali^ am 
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Estimation of (^ve/if.H- 
Ammoniimi. 151. 
Aatimony. iao» 146. 
Arsealates, 155. 
Arsenic. 146^ 
Arsenioos add, 119. 
Ash of fillers. IS9. 

.. of organic bodies, 141 
Barium. 149. 
Bismuth, 145. 
Boric add in borates, 156. 
Bromidea. 116. 154. 
Bromine, isi. 
Cadmium. 144. 
Calduro. 140. 
Carbon and hydrogen, 161. 
Carbonates. 155. 
Carbon dioxide in air. 174. 
Chloral 904. 
Chlorides. 116. 151. 

in the presence of 
bromides. 116. 
Chlorine, available, lai. 

free. lai. 

in organic bodies, 

in water analysis, 
168. 
Chrommm. 148. 
Cobalt. 147. 
Copper. 144. 

and iron, adnute 
uaoes of, 136. 
Esters in essential oib. ao6. 
ExtractsAlkaloidal strength 

of. i88«rMy. 
Fatt^ aods in soap. 901. 
Feme and fertoos salts, 

lai. 197. 
Glycerine, 904. 

in soap. aoa. 
Gold. 145. 
Grainmettic (of BMtals)* 

HakMl salu. 116. 
Hydrocyanic add. 116. 
Hydrogen peroxide. 197, 

Hypophosphites. 198. 

Iodides, 116. 151. 

in presence of 
bromide and 
chlondc, 116. 

Iodine, i^ee. isi. 

Iron. 197, ia8. 148. 

Ketones, in essential oili, 
907. 

Ixttd. 113. 143 

Magnesium. 149. 

Maagaaesc. 149. 

Mercury, 143. 

Metals as oxalates, 197. 

Mineral oil w fats, 197. 

Moisturs, 141. 

Morphine m opium, 19a 

NldMi 147. 

Niinc add in nitratca. 134. 

Nitriiea, 15a. 
- in 

Nitrogen. 164. 

in traicr aaahrsiiw 
168. 
Nitrous etiwr. 133. 
Okk acid, 198. 

>S 
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Estunation of {contd,) — 

Organic matter in air, X74. 

„ salts of allcalies, 
1x2. 
Oxalic acid and oxalates, 

114, 127, 156. 
Peroxides, 127. 
Pepsin, 203. 
Phenol, 123. 
Phenols in essential oils, 

206. 
Phosphates, 153. 

In artificial manures, 154. 
Phosphoric acid, 1x5, 131, 

153. 
Phosphorus in organic 

bodies, 166. 
Platinum, 145. 
Potassium, 150. 

,, and sodium, 151. 
Resin in soap, 203. 
Resinous drugs, 193. 
Rosin oil in fats, 199. 
Scale preparations, 19a 
Silicic acid, X57. 
Silver, 142. 
Sodium, x^o. 

„ mtrite, X37. 
Soluble carbonates, X12, 134. 

,, haloid salts, 116. 
Sugar, 131. 

M in soap, 202. 

,, in urine, 212. 
Starch, 131, 182. 
Sulphates, 131, 152. 
Sulphides, 15a. 
Sulphites, 119. 
Sulphur in organic bodies, 

166. 
Sulphurous acid. 119. 
Tartaric acid, 114, 156. 
Thiosulphates, 12a 
Tin, 145. 

Urea in urine, 135. 
Zinc, 148. 
Evaporation, 5. 
Examination, preliminary, 58. 
Extraction. 2. 
Extracts, estimation of, alka- 

loidal strength of, 188. 

F. 

Factors, analytical (use of), X42. 
Fats, analysis of, 194. 
Fatty acids, estimation of, 198. 
Fehling's solution, 129. 

Test in urine, 212. 
Fel Bovinum, 91. 
Ferments, digestive, 203. 
Ferric and ferrous salts (estima- 
tion), 121, 127, 128. 
Ferricyanides, 42. 
Ferro- from ferri-cyanides, 

separation, 56. 
Ferrocyanides, 41. 
Filters, preparation of, 138. 

Ash, estimation of weight 
of, X39. 
Filtration, 3. 
Flame oxidising, j. 

Reducing, 7. 

Tests, 60. 
Flour, 17a 
Fluorides, 29. 



Food analysis, X75. 
Formic acid and Annates, 46. 
Fraunhofer's lines, 217. 
Fulminic acid, 41. 
Fusion, 4. 

G. 

Gallic add, 52. 

Gas burette, 22a 

Gaseous impurities (testing for, 

in air), 174. 
Gases, sp. gr. , loa 

Analysis of, 220. 

Correction of volume of, for 
temperature and pres- 
sure, 100. 
Gelatine, tests for, 91. 
Glucose, 89. 
Glusidum, tests for, 89. 
Glycerine, 88, 202, 204. 
Gmelin's test, 213. 
Gold. 17. 

Estimation of, 145. 
Grape sugar, 90. 
Gravill's test, 134. 
Gravimetric estimations, X38. 

Acid radicals, 151. 

Metals, 142. 
Gravity, si)ecific, of — 

Essential oils, 205. 

Gases, 100. 

Liquids, 96. 

Milk, X75. 

Oils and fats, 194. 

Solids, 98. 

Waxes, 199. 
Group reagents, la 

H. 
Haloid salts, estimation of, 116, 

153- 
Hardness, Clark's process, 172. 

Hempel's apparatus, 22a 

Homatropine, 85. 

Hubl's method, 195. 

Hydrastinine, 85. 

Hydriodic acid, ^i. 

Hydrobromic acid. 30. 

Hydrochloric acid, 29. 

Standard solution of, no. 
Hydrocyanic acid, 40, 116. 
Hydrofluoric acid, 29. 
Hydrofluosilicic acid, 38. 
Hydrogen, estimation of, in 
organic analysis, 161. 

Peroxide, estimation of, 

127. 135- 
Hydrosulphuric acid, 33. 

Hydroxides, 32. 

Alkaline, estimation of, zii. 

Hyoscine, 85. 

Hyoscyamine, 85. 

Hypobromites, 31. 

Hypochlorites, 30. 

Hypophosphites, 42. 

Hyposulphites, 34. 

I. 

Igniting precipitates, 140. 
Indicatois, 105. 
Inorganic add course, 78. 
lodates, 32. 

lodate with iodide, detection of, 
54. 



Iodides. 31, 35. 

Estimation of, 1x6, I5i. 
Estimation of, in piesenoe 
of a chloride and a bn>> 
mide, 152. j 

Iodine, 31. 

Estimation of, 12 !• > 
Standard solution of, 119^ 
Iodoform, tests for, 91. 
Iron. 18. 

Gravimetric estimation 0^ 

X48. 
Volumetric estimaoon oC 

by bichromate, 198. 
Volumetric estimation 0^ 
by permanganate^ laj, 

J- 

Jalapin, tests for, 91. 

K. 

Kathion, 7. 
Kathode, 6. 
Kipp's apparatus, 9. 
Kjddahl's process. 166. 
Koettstorfer's process, 7:95. 

L. 

Lactates, 48. 
Lactic acid, 48. 
Lactose, 90. 
Lard testing, 196. 
Laws — 

Boyle's, 100. 

Charles's, 100. 
Lead. 12. 

Estimation of, 11 j^ 143. 
Liebig's condenser, 4. 
Lithium, 26. 
Lixiviation, 2. 

M. 

Magnesium, 26. 

Estimation of, 1 9. 
Malates, 49. 57. 
Malic acid, 49. 
Manganates, 45. 
Manganese, 21. 

Estimation of, iff. 
Manna, 204. 

Manures, estimatio of phos- 
phates in, 15. 
Mayer's standard station, 132. 
Measuring and weioing, 94. 
Meconates, 51. 
Meconic acid, 51. 
Melting points. 2x1 
Mercuricum, 13. 
Mercurosum, 12. 
Mercury, estimaticof, 143* 
Metals, detection . xo. 

Gravimetric dmation of, 
X42. 

In complex ittures, 65. 

Present in a aplesalt, 6z, 

Separation omto groups, 
10, 64. 66 Hamilton's 
table, 74« 

Tables for diction of, 62. 
Metaphosphoric id and salts, 

43- 
Method. Meyer f 02. 

Pavy's, X30. 

Varrentrapi64. 

Volhard's, :. 
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P fti a M WdJWUg ft, 4S- 
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PheoacetM. IcsU for. 89^ 
Phefuuooe. te»u for. 90W 
Hbeool and 
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Urtectiofi 
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EftUOMfioo of, aft maf n»> 
Mom pTTophoaphaia a«d 
photpbomolftdata. 153. 

Eftitmatioa of aoiablc. ia a 

maaore. 15c 
EftCimatioo of total, in a 

maoure or toil. 1 54. 
Volumrtnc eanmatiofi td^ 

131. 
Pbofphitcft. 43. 
Iltoaphonc ac»d. 43. 

Gf»vtmecnc efttiaMOkMi of. 

free. 153. 
Volumetric eftlHwatton of. 

FtKMpboroiiui acid, 4> 
Pho«phor«ft. ctttfiiatKMi of, ia 

organic afuilxftia^ 166. 
PhTfticai conacaau of ciaeiifial 

oils. 905. 
f'h3rftoMlffntoc. Ic 
l^crototin, tests for, 1^ 
FUoauptne. $5. 
Plattevm. 18. 

Estimation of. 14$. 
FodophylUa. fsu for. 91. 
Fu4iooft ta mutorci, laatiag 

for. 99. 
PoUrisatlon. aaaljnAft bjr. ai7. 
FotsMtum. 97. 

BichrooMUa, fttaadanl ao> 
httioa of, lat. 

EsiioMtioo of. 15a 

Estimatioa of. wtth ftodtoai, 

HfdroskW. staadard ftolt»> 

tAon of. 1 14. 
Permaaffaaate. ftcaadard 

soluiioa of. 1 95. 
Thkicyaaaia. ftuadard io- 
hitkia of. I ti 
Practpiuica. drjtnf . etc . t4a 
PfecipltatkMi. a. 
Prelinuaary eaaaiiaatioa. 5!. 
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CTarkft. 171. 

Crwa ft, i6t. 

DaaHM'. lo). 165. 

K)cidahrft, 166. 

LiitilCft. 161. 

Kaichcrt'ft, i7t. 
ProcriftM. chemical, t. 
Fyropfllc acid. 5*. 
hrrufofy. 7. 

nrrophoapliofk add aad 
4J. 



of aad 
Dcucrwaof 
Dnactioaof 




itioaft. IS7 
Specsftc fTBvttf . 96L 
Standard tolatioas. 
Vapour dcnottT, lOf . 
Weifianf aad 

Qaaru. actioa of. oa lifbl, at7. 
•6. 
•6. 



Kadrak. aod. J9. 75. 

Oranmetnc cfttiaMttoa oC 
151 
Its, 10. 

f#ro«p I . If. 

GfoaplI I>iv. A, 13. 

Oroop II Div B. 15. 

fifoop III. \yvi. A. 18. 

Ciroop III. Drr. B. at. 

f jTOttp IV' . 24. 

Grcwp V . j6. 
Radoctioa. 7. 8 
Raicbcn ft process. 168. 
Rcftin. lestft for. 91. 

la ftoap. ao3. 
Rasinrwis drufft (streaftb oO« 

Rcaoran. t«tu for. 9a 



r. tl7. 
.Sacrharme. tots for. 89. 

hkoloi>le. icatft for. 89. 
Salktae. 84 
Salicylic acid. 52. 
Hald. 89. 
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Separation {contd.) — 

Chlorides, iodides, bro- 
mides firom nitrates, 55. 
Cinchona alkaloids, 86. 
Cyanides from chlorides.55. 
Ferro- from ferri-cyanides, 

56. 

Group metals, 66, 74. 

Iodide from bromide and 
chloride, 53. 

Metals in groups, 66. 

Oxalates, tartrates, citrates, 
malates, 57. 

Quantitative, 157. 

Silica from all other acids, 
54. 

Sulphides, sulphites, and 
sulphates. 54. 

Thiosulphates from sul- 
phides, 54. 
Silica, 37, 54. 
Silicates, 37. 
Silicic acid, ^. 

Anhydride, separation of, 

54- 
Estimation of, 157. 

Silver, 11. 

Estimation of, 143. 
Soap, analysis of, 201. 

Carbolic acid in, ao2. 

Glycerine in, 203. 

Resin in, 203. 

Sugar in, 202. 
Sodium, 37. 

Estimation of, 150. 

Estimation of, with potas- 
sium, 151. 

Chloride, standard solution 
of, 117. 

Hydroxide, standard solu- 
tion of, 114. 

Nitrite, estimation of, 134. 

Thiosulphate, standard 
solution of, 120. 
Soil, estimation of phosphates 

in, 154. 
Solubility tables, 82. 
Solution, I. 
Solutions — 

Preparation of, to test for 
acids, 77. 

Preparation of, to test for 
metals, 61, 65. 

Standard, 104. 
Soxhlet's apparatus. 2. 
Specific gravity, 96-103. 
Specific gravity of— 

Alcoholic bodies, 178. 

Gases, 100. 

Liquids, 96. 

Milk, 175. 

Oils and fats, 194. 

Solid bodies, 98. 

Urine, 2x0. 
Specific gravity, practical appli- 
cations of, 99. 
Spectrum analysis, 2x9. 
Spermatozoa. 208. 
Spirits, alcoholic strength of, 
178. 

Table for percentages, 178. 



Standard solutions — 
Argentic nitrate, 115. 
Barium chloride, 132. 
Bromine, 122. 
Copper, Fehling's, 129. 
Hydrodiloric acid, xio. 
Iodine, 119. 

Mayer's, for alkaloids, 132. 
~ Oxalic acid, 109. 
Phosphate, 131. 
Potassium bichromate, 128. 
Potassium hydroxide, 115. 
Potassium permanganate, 

Soap, 172. 

Sodium chloride, 117. 

Sodium hydroxide, 114. 

Sulphuric acid, ixa 

Thiocyanate. 118. 

Thiosulphate, 120. 

Uranic nitrate, 131. 
Stannates, 46. 
Stannic acid, 46. 
Starch estimation, 131, 182. 
Stearates. 48. 
Stearic acid, 48. 
Strength of aUcaloidal extracts, 
188. 

Resinous drugs, 193. 
Strontium, 25. 
Strychnine, 85. 
Sublimation, 4. 
Succinates, 49. 
Succinic acid, 49. 
Sucrose, 89. 
Sugar estimation, 131. 

In urine, 212. 
Sugars, tests for, 9a 
Sulphates, 3^. 

Estimation of, 132, 152, 214. 
Sulphides, 33, 54. 

Estimation of, 152. 
Sulphides, sulphites, and sul- 
phates, separation of, 54. 
Sulphites, 35. 
Sulphocyanates, 41. 
Sulphonal, 89. 
Sulphovinates, 47. 
Sulphur, 33. 

Estimation of. in organic 
analysis, 166. 
Sulphuretted hydrogen, pre- 
paration of, 9. 
Sulphuric acid, 35. 

Standard solution of, iio. 
Sulphurous acid, 45. 

Estimation oC 119. 
Sweets, analysis oif, 182. 
Sykes's hydrometer, 97. 

T. 
Tables- 
Detection of the metal in a 

simple salt, the metals as 

in pharmacopoeia, 64. 
Detection of the metal in a 

solution containing one 

base only, 62. 
Distinction between gallic, 

tannic, and pyrogallic 

acids. 52. 



Tables {contd. ) — 

General reactions oi 

loids. 86. 
Percentages of 

169. 
Separation of me 

ffroups. 66. 
Solubility of salts. Bj 
Specific gravity of 
temperature coi 
for, X76. 
Tannic acid, 52. 
Tartaric acid, 49, 156. 
Tartrates, 49. 
Testing for poisons, 92. 
Thiocyanates, 41. 
Thiosulphates, 34. 

Estimation of. 119. 
Tin, 17. 

Elstimation of, 145. 
Tinctures — 

Alcoholic strength 

Methyl alcohol in, 

Toxicological analysis, 

U. 

Ultimate organic analyl 
Uranic nitrate, standaf 

tion of, 131. 
Urea, estimation of, 

Test for, 213, 
Uric add, 2xa 
Urinary calculi, anal] 
Urine- 
Analysis of, 2ia 
Estimation of ureal 
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V. 

Valerianates, 47. 
Valerianic acid, 47. 
Valuation of ferments,] 
Van Babo's apparatus] 
Vaporisation,^. 
Vapour, speddc gravit 
Vapours, density of, 
Varrentrapp*s meth< 

Ditto modified, i( 
Veratrine, 84. 
Vinegar, sulphuric aci^ 
Volhard's method, xxf 
Volumetric analysis, 

W. 

Wa.«hing precipitates. ■' xy^ 
Water, 33. \ 

Mineral analjrsis A(^^ X57. 

Oven, 14a I 

Sanitary analysis! of, 167. 
Waxes, analysis of, 1I99. 

Tests for the (chief on- 
official, 301. 
Weighing, 94, 106. 

Preapitates, 140^ 
Westphal balance, 9J 
Wines, alcoholic stl-ength of, 

178. 

Z. :, 

Zinc. 33. I 

Elstimation of. 15481 
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lUin • • 1 00 

mim:u.ijinkous. 

Micn»-orKaM«n% 
lood ami Ihctarics. 
Il On(M«ut. 
RheiinL«ti«m. etc. 
BonirtLiBi) MimIic* 
|>yfumic« oC lufe. 
Cnc Acid 

M«du«ii«jil r>t«ea««. 
. I>«*. of Stomach, 
^acmia. 






75 

I JO 

6 CO 

t.:.0 

7^ 
300 
-J ««.« 
6oo 

.50 

C<ud r^r Produ<.t<i. 1.J5 

t tai t'ohacco 4 > 

Wooicn'ft Med. Col. 1.50 

Society'* 

\, each year. I <« 

I— h ri e ty. 1 or> 

MedtcaJ l^tin. 1 00 

Iht. M Heart - 6 00 

Physical FjihKalioii. .75 

«CllV4H*«<i UISFJISES. Etc. 
>ierv<Mi« l>i«ea«e« a 50 
tt«r Anatomy of Cen- 
Xei-r-*M» S>»tem - ^—- 
MaauaJ of. ad Kd. 
tfR lil<a«. Vol. l.| on; V»il 1,4 '« 
■ ^rpKiiM aiMl the Ncr- 

• • • I 00 

laMra«c» of Bratfu t y> 

i.l.BKal Lt«.tii'r«. a.oo 

E^ftlcmy. New E»!. 

rv. RraiB and Npinal 
Itlua - • a. 50 

Central Nerrou* 

J.10 

Maamalof. > i.uo 

rbral Paki««. a.i>i 

r» • a ou 

Hy«tcrta IUu«. «.oo 

Con cu**io— . I .«x> 

WURSING. 

[y lor Nur*e». .7^ 
of the Mck- 

. I »5 

»d K«1. I a} 

III. Manual of. ys 

itMy Nunin^: .^u 

Manual liTi Ed. 7^ 

(l^M Nur«<ns I <.<j 

Sti>inn in Abdominal 

d IN*, of Women, %.^' 

»* Med. lor Nur««« ^— 

Manual i^ihE.! 

irt.-t Nur%inf 

Hvr^n^ if the Xur*ery 



t.tO 

t.oo 

«n 
S«rg NuniBf. I o> 

OiffirTRICS. 

mmigy^. Mi'fnilrry 1 00 

•MiTarttl^r. leit- 

r \:i^kpinh& PUir* 4 «o 

ObMntrv* >d 1-^ 

M^fwrfrry 1 7^ 

Conaprnd vk Fd .iv. 
^^•tetrM- lhag*4T)« 

p ••!« AV.', a6 CO 

F»»*» l't«rine Pieg 7* 

• Teai-iwok 5./*^ 




P*ltrMoio(^ 
. Hygiene 






PATHDLiKlY 
Barlow, (^neral Pathology #^00 
Blackburn Autii|r« et. 1 aj 

Blodgctt l»eiiul Pathology i.a\ 
Coplin. M.iniialof a65lllua. jcx- 
Otliiam. FA»entiaU of . .7^ 

Hall r(»ra|iend. llliu. • .to 
Hewlett. lt4icriol»t:v. • 3.0U 
Virchow. Po«i>m<Mtrm« .7^ 

Whitacra. I^b. Tcnt-lMXik. 1.50 

PHARMACY 
Bcasley'a Kevnpt-iiook. • a. on 
— ^— h'lrmiilary. • a 00 

Coblanta. MjiumI of Phana. 3 yt 
Proctor. Practical Pharm 3 ro 
Robinaon. l.atiii('trammarof 1.75 
Sayre. Or);anic .Maieru Med. 

and l'harmaCugno4y. • 4 ou 

Scoville. (.'iim|K>un<iing. a.v 

Stewart's i'om|>en<l 5th R4I in 
U. S. Pharmacopoeia. 7th 

Select Tablea (rum i;. S. W .as 

physi<)Uh;y. 

Brown. Ph\%ii>l ftir Niir«c%. ys 
Brubaker's i*tim|>cnd Illti*' 

tr.«teti 8lh Kit. • • .80 

Kirke's New i4ih Kd. (HuUi. 

*juriin.i Ck»ih, 3.00; Sh , 3 7$ 
Landols* TcKtbouk. 84s Htut- 

tratHin«. • - • — — 

Starling. KIcmenta of. . t.no 
Stirling PrattiCAl Phya. i k> 
Tyaon'a Cell l>octrine. ♦ t ^'» 
Yeo's Manual. 854 III. 6th Ed. a jo 

POl.SONS. 

Murrell. PoUoning. • i.co 

Reese. Toxiculosy 4tH E4i. 3 «> 

Tanner. Memoranda of. .73 

PRACTICE. 
Beale. Slight Ailmenta. i.as 

Chartcris. Iniule t<>. a ou 

KoiMrler'a l>ictiotury of. • 3 lo 
Huf has. Compend a Pt«. ea. .80 

■ Phv%ician«' Edition. 

I Vol Muri>cc(i, < tilt edge t *^ 
Roberta. Tcxt-liook. 9th Ed. 4 v> 
Taylor's Manual of. • a <v 

Tyson, 'the Practice of Medi- 

«.inc. llluft. CI. S«So. Sheep, 6.u> 

PRF-SCRIP1H)N R4M)KS 
Bcasltv's J >v Pre««.riptiona. a on 

Receipt Hook t uu 

Davis Mairrtu Medica and 

l*Te*cnpti<»n Writing. 1.50 

Paraira's l'n^ket-b«x>k .7s 

Wvthe's lK>%c ami Symptom 

lt<tok 17th VA. • . • -75 

SKIN. 
Bulklay. I'he Skin. 40 

Crocker. I>i«. «>f ^i^m lllii* 

Impey. I *'pr«»'k\ • » ^' 

Schamberg. C>ni|»rm(. r^ 

Van Harlingen. l»iagnn«i« 

rfiid 1 re^linrnt of Skin I>i«. 

jd \ t\. Ki lllii*. - . » 7«. 

SCRC.KRY ANI» SURtilCAL 

hl^KAsKs 
Caird and Cathcart. Sur- 

i^riii.'* I'tN krt |W>->K Ijc^i a.«o 
Deaver. A^-^-cndu it>« . 3 <.> 

^iirifu'jl \n.ii<>niy. - — 

Dulles. KmergeiKie% 
Hamilton. luit.>.r«. ;•! I- ! 
Heath's Mmor. t th Ed. 

I»i*''a*«* uf |4»« 

I '-I ttirr« on law* 

Horwitf . 1 -mitcn-i uh Ed 
lacobson. * »j>*'f jt'on* «if 
Macready on kill turr^ 
Maylard. >'t'^rry « i ihr Ai.- 

MouIIin. (' t:.< Irte 'Ir«r- 
■'- h. ■■* ^ 'i. ' y H^millnn. 

'. • ltil*|r.»|i !•* AT* i I "l.'Ci! 

y.jne% ll 6'« Sh 7 Ou 



t 00 
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Robarts* Fracture* • |i uo 

Smith. AtMlitininal Surg. 10. «o 
Swaia. SiirgiCid I'mrr. . 1 75 
VoswinkeL Smg Nu(«ini:. i ou 
WaUham. Pr.*ctKal Surg, a 00 
Watson's Amputaiton*. 5 50 

TECHNoLiKUCAI. HtN>KS 
Cameron. <»iU K Vami«hr%. a as 
■ So.«f» arHl Camlle*. a tx* 

Gardner, lirewmg. et*.. 1 so 

Oardner. It Ir aching and 

l^yeing . 1.30 

Orovaa and Thorp. Chemi- 
cal I ct hiw>t«»g> Vol I 
Mill% «io Kiiri«. • CI 



Vt.l. II Lighting. 

Vul 111 Lighting Cootin'd 



5"» 

4.00 



THKRAPEUTIC-S 
Allen, Harlan. Harte, Van 

Harlingen. Iaml^I 1 hcr« ).on 
Biddla. i3tli F.4I1IMM1 400 

Field. Cathartic* and lUnctK* i ys 
Mays. '1 hrnie s^ 

Naphays' I herapctinr* Vol. 
I. M<-ili4.al ami l>i*ea»e of 
i*hilf!r*-n . t Itith. 4 00 

Vol. t. Surgrry. tivt «x 
A OlMiet. • Cioih, 4.00 

Potter's Compmd \th Fi) .to 

. llandU«4 €•! 4 m>. Sh 5 S* 

Waring's }*rjrti««l 4tlt ^d. a co 
White and Wtlcoi. M..t. 
.Meil., Phrfrm.uv, k'harmacul- 
ogy. and 1 h^ra y*\ Ed a 73 

THROAT AN1> N'<»SE. 
Cohen. Thritat and Voi<.e «• 

Hall. NiMe and I hrt>at. • 8.30 
Hollopeter. Hav hercr i.oo 

Hutchinson. No«c& 1 hro^t — — 
Mackeniie. 1 hmai H«>«|>ital 

I'h^rmacopcria Mh E^l i.oo 

McBride. l Imiral Manual. 

i'nl<»re.l Plate* a<l Ed • 6 «* 
Potter. Stamnientig. etc 1 00 

URINE & URINARY ORliANS. 

Acton. Krpro. Organs. t 73 

Allen. hiabciK Cnnc. a. 95 

Brockbank. (iali Stoor* * *s 
Baala. Unn lie|«i«it* Plates, a 00 
Holland. Ihertinv.Milkand 

Ci>mni>>n l*uiM>n«. s*^ ^-'^ * "^ 
Memmingar. lhagno«i« by 

the I'niic IlliK • I 00 

Moullin. The Pro«tate • 

■ IheHliJiM^r i.u> 

Thompaon. Uniuirr Organ* 3 00 

Tyson. Eiam of irnne 1 ss 

Van Nflys. Unne Analyvi*. 1 on 

VENEREAL IM^EAsES 
Coopar. Syphil.t a<i Eil • s 00 
Gowars. S\|>hili« and the 

Ner»rti« >y»i«m . • i oo 

JacobtK>n. l>i«ea%e« of Male 

Organ* IliUktrated • 600 

VFTKRINARV 
Armatnge. Vet kemcmb. t 00 

Ballou. An.tl .I'-d l'hy«. 80 

Tuson. P*i.ftrm««..itxrt4. 9.$^ 

VlNlIINt; LISTS 
Lindsay A Blakiston's Reg- 



ular ^ ■lit I -11 

l*rilK>tual F-f 

M. iiH :» fd. 
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.Vn«f /#^ Ct * 4 Ma r . 
WAIFR 
Po». Waiter. .Air. F;i«».! j u> 

Leffmann. 1- aammAti <niif. 1 •) 
MacDonald. Eiaminait>>nof a so 

WOMEN. HIS EASES OF 
Byford'H.T.. Manual. iJ 

V .: * -n .«i l'!i;»ir.*t- •ri« 3 uo 

Byford W. H • Initxiok a 00 
Duhrsaen. i.\Tir- z > Jt\ 

rr« :'■ '. I - t. .«!r4l.>r.« 1 yt 

Lewrers. I»:« t W nrn * ^u 

Wells. C.-ni^^i. ! \\U% .to 



^;S=^ BASED ON RECENT MEDICAL LITERATURE. 

Gould's Medical Dictionaries 

BY GEORGE M. GOULD, A.M., M.D., 

Prbsiobnt, 1895-94, Ambrican AcAOBiiY OF Mbdicinb. 



THE STANDARD MEDICAL REFERENCE BOOKS. 



The Illustrated Dictionary of Medicine, 
Biology, and Allied Sciences. 

INCLUDING THE PRONUNCIATION, ACCENTUATION, DERIVATION, AND DEFINITION 
OF THE TERMS USED IN MEDICINE AND THOSE SCIENCES COLLATERAL TO IT: 
BIOLOGY (zoology AND BOTANY), CHEMISTRY, DENTISTRY, PHARMACOLOGY, 

MICROSCOPY, ETC. With many Useful Tables and numerous Fine Illustra- 
tions. Large, Square Octavo. 1633 pages. Third Edition now ready. 
Full Sheep, or Half Dark-Green Leather, |io.oo; with Thumb Index, ^11.00 

Half Russia, Thumb Index, |i2.oo 



The Student's Medical Dictionary. Tenth Edition 

INCLUDING ALL THE WORDS AND PHRASES GENERALLY USED IN MEDICINE, WITH 
THEIR PROPER PRONUNCIATION AND DEFINITIONS, BASED ON RECENT MEDI- 
CAL LITERATURE. With Tables of the Bacilli, Micrococci, Leuccmains, 
Ptomains, etc., of the Arteries, Muscles, Nerves, Ganglia, and Plexuses; 
Mineral Springs of the U. S., etc. Small Octavo. 700 pages. 

Half Dark Leather, 1^3.25 ; Half Morocco, Thumb Index, ^4.00 



This edition has been completely rewritten, and Is srreatly enlarged 
and improved over former editions. 

** We know of but one true way to test the value of a dictionary, and that is to use it. We 
have used the volume before us, as much as opportunity would permit, and in our search have 
never suffered disappointment. The definitions are lucid^ and concise, and are framed in the 
terms supplied by the latest authoritative literature, rather than by purely philological method. 
Obsolete words are omitted, and this has made the dimensions of the book convenient and com- 
pact. In making a dictionary, the author confesses that he has found out the labor consists in 
eliminating the useless, rather than adding the superfluous. The value of the work before us 
is increased by the large number of useful reference tables in anatomy, ptomains, micrococci, 
etc." — The Physician and Surgeon^ Ann Arbor. 



The Pocket Pronouncing Medical Lexicon. 

12.000 WORDS PRONOUNCED AND DEFINED. 

Containing all the Words, their Definition and Pronunciation, that the Student 
generally comes in contact with ; also elaborate Tables of the Arteries, 
Muscles, Nerves, Bacilli, etc., etc.; a Dose List in both English and Metric 
Systems, etc., arranged in a most convenient form for reference and mem- 
orizing. The System of Pronunciation in this book is very simple. Thin 64 mo. 

Full Limp Leather, Gilt Edges, ;f i.oo; Thumb Index, f i«35- 

These books may be ordered through any bookseller, or upon receipt of 
price the publishers will deliver free to the purchaser's address. Full descripHvt 
circulars and sample pages sent free upon application. 4 

78,000 COPIES OP GOULD'S DICHONARIES HAVE BEEN SOLD. 



All prices are net. No discount can be allowed retail purchasers. 

P. BLAKISTON'S SON & CO/S 

Medical and Scientific publications, 

No. IOI2 Walnut St., Philadelphia. 

ACTON. The FTmctions and Disorders of the Reproductive Organs in Childhood, 
Youth, Aduh Age and Advanced Life, considered in their Physiological, Social 
and Moral Relations. By Wm. Acton, m.d., m.r.c.s. 8th Edition. Cloth, $1.75 

ALLEN, HARLAN, HARTE, VAN HARLINGEN. Local Therapeutics. 
A Handbook of Local Therapeutics, being a practical description of all those 
agents used in the local treatment of diseases of the Eye, Ear, Nose, Throat, 
Mouth, Skin, Vagina, Rectum, etc., such as Ointments, Plasters, Powders, 
Lotions, Inhalations, Suppositories, Bougies, Tampons, and the proper methods of 
preparing and applying them. By Harrison Allen, m.d., late Laryngologist to 
the Rush Hospital for Consumption. George C. Harlan, m.d., Surgeon to the 
Wills Eye Hospital, and Eye and Ear Department of the Pennsylvania Hospital. 
Richard H. Harte, m.d., Surgeon to the Episcopal and St. Mary's Hospital; 
Ass't Surg. University Hospital; and Arthur Van Harlingen, m.d., Professor 
of Diseases of the Skin in the Philadelphia Polyclinic and College for Graduates 
in Medicine; Dermatologist to the Howard Hospital. In One Handsome Com- 
pact Volume. Cloth, $3.00; Sheep, $4.00; Half Russia, $5.00 

ALLEN. Commercial Organic Analysis. New Revised Editions. A Treatise 
on the Properties, Proximate Analytical Examination and Modes of Assaying the 
Various Organic Chemicals and Products employed in the Arts, Manufactures, 
Medicine, etc., with Concise Methods for the Detection and Determmation of 
Impurities, Adulterations and Products of Decomposition, etc. Revised and 
Enlarged. By Alfred Allen, f.c.s.. Public Analyst for the West Riding of 
Yorkshire; Past President Society of Public Analysts of England, etc. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc.. Ethers, Vegetable Acids, 
Starch, Sugars, etc. Third Edition, Revised by Henry Leffmann, m.d., 
with numerous additions by the author, about 100 pages of new material. 
8vo. Just Ready, Cloth, $4.50 

Vol. II. Fixed Oils and Fats, Hydrocarbons and Mineral Oils, Phenols and 
their Derivatives, Coloring Matters, etc. Third Edition, Revised by Henry 
Leffmann, m.d., with numerous additions by the author. 8vo. 

Nearly Ready, Cloth, $4.50 
Vol. Ill — Part I. Acid Derivatives of Phenols, Aromatic Acids, Tannins, 
Dyes, and Coloring Matters. Third Edition. In Preparation, 

Vol. Ill — Part II. The Amines, Pyridine and its Hydrozines and Derivatives. 
The Antipyretics, etc. Vegetable Alkaloids, Tea, Coffee, Cocoa, etc. 8vo. 
Second Edition. Cloth. 1^4.50 

Vol. III. — Pcirt III. Vegetable Alkaloids, Non-Basic Vegetable Bitter Princi- 
ples. Animal Bases, Animal Acids, Cyanogen Compounds, etc. Second 
Edition. Svo. Cloth, $4.50 

Vol. IV. The Proteids and Albuminous Principles. Second Edition. 

Nearly Ready. Cloth, $4 50 

Appendix Volume. Containing a Review of the whole work with many new 

methods, etc. In Preparation, 

SPECIAL NOTICE. These editions of Allen are issued by us in connection with him and his 
— — ^— ^^^^^-^-^— — London Publishers; they include much new material and copyright 
matter, and are the only authorized and up-to-date editions. 

AELT. Clinical Studies on Diseases of the Eye. Including the Conjunctiva, 

Cornea and Sclerotic, Iris and Ciliary Body. By Dr. Ferd. Ritter von Arlt, 
Authorized Translation by Lyman Ware, m.d.. Surgeon to the Illinois Charitable 
Eye and Ear Infirmary, Chicago. Illustrated. Svo. Cloth. $1.25 

ABHATAGE. The Veterinarian's Pocket Eemembrancer : being Concise 
Directions for the Treatment of Urgent or Rare Cases. By George Armatage, 
M.R.c.v.s. Second Edition. 32mo. Boards, $1.00 

6 



6 F. HLAKiSTOS'S SON *- CO.S 

BALLOU. Veterinary A&atomj and Phjrtiologr.^ I^v Wm. R. IUllou. m.d.. 

I-iic Prof. «)f Kqijine Anaioiny. Nrw York Coll. of VcterinAry Siir>;c(ms. I'hy^K'tan 
to Helicvue I)is»pcnNary, and lecturer on ('fcnito-Urinary Sur>jcry, New York 
Polyclinic, etc. With 29 Ttraphir ll!u%lr.itions. i2mo. \o. i2 f QuiM'Compm*1f 
SrnVs, Cloth. .8*>. Intcrlcivcil, lor the addition of Notes, $1.35 

BAE. Antiieptic Midwifery. 1 he Principles of Antiseptic Methods Applied to 
()h^letnc Practice. Hv Dr. Pail IUr. Pans. Authorized Translation hv Hrnry 
I). Kkv. m.i>.. with an Apf>endix by the author. Octavo. Cloth. $tjoo 

BARRETT. Dental Snrg'ery for Oneral Practitioner> and Students of Medicine 
and DcntiNtry. l.xtr.iction of Teeth, etc. By A. \V. Harreit, M.D. Third 
Kdition. 8^> Illustrations, isrno. Cloth, fi.oo 

BARTLET. Medical and Pharmacentical Chemiitry. Fourth Kdition. A Text 

hook tor Medical and Pharmaceutical Students, liy K. H. Harti«EV. M.D., Pro- 
fessor of Chemistr>' and Toxicolo^ry at the I^n>> Island College Hospital; l)eafi 
and Professor of Chemistry. Br(M>klyn College of Pharmacy; l*restdent of the 
Ainencan Society of Public Analysts; Chief Chemist, Board of Health, of 
Brooklyn. N. V. Revised and Knlarged. With Illustrations, (flostary and 
Complete Index. i2mo. 711 pagtrs. Cloth. 52.75; Ijeather, |3.3( 

BSALE. On Slight Ailnenta; their Nature and Treatment By UoNEt.S. Bbaljl, 
M.i>.. K.R.S.. Professor of Practice. King's Medical College. Ijondon. Second 
Kilition. Knlargrd and IHustratcd. 8vo. Cloth, |l.3( 

The Uie of the Microscope in Practical Medicine. For Studenu and 

Prat titioners. with full direittons for examining the various secretions, etc* 
in the Microsco|>e. Fourth Kdition. 500 Illustrations. 8vo. Cloth. ffi.yo 

How to Work with the Microscope. A Complete Manual of Microicopical 
Manipulation, i-tfth Kdition. Containing over 400 Illustrations, many of 
them colored. 8vo. Cloth, |6.$0 

One Htindred Urinary Deposits, on eight sheets, for the Hotpiul. Labora* 

tor>-, or Surgery, New Kdition. 4to. Paper. |2jOO 

lEASLEY'S Book of Prescriptions. Containing over 3100 Prescnptiont. collected 
from the Practice of the most Kminent Physicians and Surgeon !h— English, 
French, and American ; a Compendious li^tory c»f the .Materia Medicm, Liits of 
the iXosesof all Officinal and Kstablished Preparations, and an Index of 
and their Remedies. By Hknry BrL\M.KY. Seventh Kdition. Cloth. 

Dm^ists* General Receipt Book. Comprising a copious Veterinary Fonna- 

lar\ ; Keci(>es in Patent and Proprietary Medicines. Druggists' Xos tnims , 
etc.; Perfumery and C<»smetK«> ; iie%eragcs. Dietetic Articles and Condi- 
ments; Tr.ide Chemicals. Scientific I'roi esses, and an Appendix of Uscltil 
Tables. Tenth Kdition. Revi^rd. Cloth. $1jOO 

Pocket Formulary and Svnop^t^ nf the British and Foreign l*hannacopoeias. 
Comprising Standard and Appi«ivcd FormuLc for the PreparatKHis aad 
Com|H>unds Kmploycd in .MciIk al Practice. I wclith Kdition. /« /Vru. 

BESVOR. Diseases of the Henrons System and Their TreaUBent B)r Cnas. 

Ki»WAKi> IUfvok. U.U., P.R.r r., PhvMcian to the National Hospital for fttfa* 
lyxed and lMi:>ptK ; Formerly .A^^sistant Physician University College Hospital, 
I.ondon. l.lu^Tr.itrd. i2ino. ' Clodl. f2.$0 

BIDDLE'8 Materia Medica and Therapeutics. Including Dose IJst, Dietary for 

the .Suk. r.iMc of P.ira>jir^. .ir;.i Mrnioranda of New Remedies. Bjr FnL 
joH.s B. Bii>i>t K. M t> . Lire Prcit .>t M.iteria .Medica in letfervm Medical CfolJega, 
Phila<lciphia. lh.T!ren:h Kdition. thor-jughly rr%tse(l in accordance with acv 
r. S. P.. 1)> Ci t Mt:\i Bitiiu.K. u.ir, AN%}>tant .^ur^'e«ln. l*. S. Navy. With 64 

Illustr.Uion^aiui a i I.rn ai Imlrx. (><iav.i. Cloth. I4. 00; 

BIGELOW. Plain Talks on Medical Electricity and Batteries* wHh a 

tKruiK Intirv .trul .1 < M<s«>jr\ . l\\ Hi>k\iio R. Bi(«F.l.i>w. M ii.. FcUov of tlia 
British i \\ r..i' n\*^ ' .1. '^'►. •«•!% ; «'t \hr Amrr;* .in f-ln tro ThrrapeutK AloncislW, 
rt( 4; lil.;^ . ar;.i .1 ( .../«^.tr> . :«i Kd. 1 2mo. Clotil, $1 



MEDICAL AND SCIENTIFIC PUBLICA T/ONS. 



BLACK. Micro-Organitms. The Formation of Poisont. A Biological study of 
the Germ Theory of Disease. By G. V. Bu^CK. m.d.. D.D»s. Cloih. .75 

BLACKBUBN. AutOptiet. A M;inual of Autopsies, Designed for the u^e of Hos- 
pitals for the Insane and other Public Institutions. By I. \V. Hij^ckbukn. m d., 
Patholojjist to the Government Hospital for the Insane, VVashmjjton, I). C With 
ten Full'paj^e Plates and four other Illustrations. i3mo. Cloth. #i.3S 

BL0D0ETT*8 Dental Pathology. By Albrrt N. BtoixseTT. m.d.. Late Prof, of 
Pathology and Therapeutics. Boston Dental Coll. 33 Illus. i2mo. Cloth. 51.25 

BLOXAM. Chemistry, Inorganie and Organie. With Experiments. By 

Chari.ks L. Bloxam. Edited by J. M. Thompson. Professor of Chemistrx- in 
Kini^'s College, l^ndon, and A. G. Bi.oxam. Head of the Chemistrv* Depart- 
ment. Cioldsmiihs' Institute. London. Eighth Edition. KeviMrd and Enlar(;ed. 
281 Enj»ravings. 20 of which are new. 8vo. Cloth. 54.25; Leather. 55.25 

BBACKEH. Outlines of Materia Mediea and Pharmacologj. Wy H. M. 

Brack KN. Professor of Materia Mcdica and Therapeutics and of Clinical 
Medicine. L-niversity of Minnesota. Cloth. 52.75 

BBOCKBANK. On Gall-Stones or Cholelithiasis. By Edward Mansfield 
Bk(x:khank. M.D., M.R.c.P. i2mo. Cloth. 52.25 

BBOWH. Medical Diagnosis. A Manual of Clinical Methods. By J. J. Graham 
Hkown. m d., F.R.r.p.. Asst. Physician Royal Infirmary; Lecturer on Principles 
and Practice of Medirine in the School of Medicine of the Royal Colleges, 
Edinburgh, etc. Fourth Edition. Revised and Enlarged, with 112 Illustrations. 
i2mo. Cloih, 52.25 

BBOWH. Elementary Physiology for Harses. Wy Mivs FmRKscK Haio Brown. 

Uite in Ch.irgc Nurse L3epartment. St. Thomas' Hospital, London. With many 
Illustrations. Cloth, .75 

BBI7BAKEB. Physiolo^. A Compend of l^ysiology, specially adapted for the 
use of Students and Physicians, By A. P. Bruraker. m.d., Demonstrator of 
Phy«»»olo^y .it Jefferson Medical College, Prof, of Physiology, l*enn'a College of 
Dental Surgery. Philadelphia. Eighth Edition. Revised, fcnlarged, and Illus- 
trated. i\o.4,fQuit'CompendfSerut. i2mo. Cloth. .80; Interleaved. 51.25 

BITLKLET. The Skin in Health and Disease. By L. Duncan Bulklkv. m.d.. 

Attending Physician .it the New York Hospital. Illustrated. Cloth. .40 

BITBNET. Foods and Dietaries. A Manual of Clinical Dietetics. Bv R. W. 
lU'HNKT. M.D.. M.RC.P.. Phvsician to the Great Northern Central Hospital. 
With /Xppendix on Predigested Foods and Invalid Cookery. Full directions at 
to hours of taking nourishment, quantity, etc., are given. Second Edition. 
i2mo. Cloth, 51.50 

BIIBBETT. Hearing, and How to Keep It By Chas. H. Burnrtt. m.d.. Prof. 
of l)tve.ises of the Plar at the Philadelphia Polyclinic. Illustrated. Cloth. .40 

BIIXTON. On Anesthetiea A Manu.il. Bv Dudi.ey Wilmot Bi*xton. m.r.c.s., 
M K r p., A>si to Prof, of Med., and Acfministrator of Anesthetics. L'niversity 
Collrj^e Mo^pjtal. l^ndon. Third Kdition, Illustrated. i2mo. Im Ptfis. 

BTTORD. Manual of OjnecoloffJ. A Practical Student's liook. By Hekry T. 

li'kHiKi). Ml). Professor of (iynccology and Chnical Gynecology in the College 
ot IhNs: i.m^ .ind Surgeons of Chicago; Professor of Clinical Gynecology, 
\V<.mcn> Medical .Scho<»I of Northwestern University, and in Post-Oaduate 
Mc(i ■ .il Sv htw)l of Chicago, etc. Second Edition. Enlarged. With 341 Illustrm- 
tiuns. rn.in\ of %*hich are from original drawings and several of which are col- 
orr*! unio. 396 pages. Cloth. $3.00 

BTTORD. Diseases of Women. The Practice of Medicine and Surgery, as 
ap[.; nl to ihe I)i*eases and Accidents Incident to Women. By the late \V. H. 
Ih K<>Ki>. A.M.. M.t>. Fourth Edition. 506 Illustrations. Octavo. Cloth. 52.00 

CAIRD AND CATHCART. Surgical Handbook. Bv F. M Caird, p.R.cs.and 

r U * ArM< AKT. K K.( s. Kij^hth Edition. Revised. 208 Illustrations. i2mo. 
\2\ pi.;^* Full Red .Morocco. Gilt Edges, and Round Corners. $3.^ 
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CALDWELL. Chemical AludjrtU. Elements of Qualitative and QtiantiUtivt 
Chemical An.ilyM». By (». L. Cai.dwem., b.s.. rM.i>.. I*rofcs»or of Af^ncultural 
an.i An.iUticii Chemistry in Cornell rniversity, Ithaca. New York. etc. Third 
Kdition. Kevi^eil .mil Knl.ir;;ctl. Octavo. Cloth. $l.$0 

CAMEBOH. Oils and VarnUhet. A Prartical Handbook, by JAMRS CAMraoN. 

F.i.< . With Illustration^. Formiil.r, T.»hle«i, etc. i2mo. Cloth. I2.25 

Soap and Candlea A New ll.in«ll)ook for Manufacturers. Chemi»tv Ana- 

l)*»ts. etc. 54 Illustrations. i2nio. Cloth. $3. 00 

CAMPBELL. Oatlines for Difsection. To l>e l\ed in Connection with Morrit't 
Anatomy. Ily W. A Camphiill. m.i>.. late Demonstrator of Anatomy, Univer- 
sity of Muhi^an. Oita^M. Cloth. $fxx> 

CAHFIELD. Hj^ene of the Sick-Boom. A l>o<)k for Nurses and others, lietnf 

a Hnef Consideration ot .Xsepsts. Antisepsis. PiMnfection. Hat tenol<H;y. Immo- 
nity. Heating and Ventilation, and kindred subjects, fur the u»e of Nunet and 
other Intelli>;ent Women. Hy William lUc kingham Canfikli). a.m.. m.d.. 
Vj^\ turcr on Clinical Me<iirine and Chief of Chest Clinic. I'niversity of Mary- 
land. Physician to Bay View Hospital and I'nion Protestant Infirmary. IlaltV 
more. i^mo. Cloth, $1.25 

CABPEHTEB. The Microscope and Ita BeTelationa. By W. B. CAanumta. 
M.i>.. r.K.s. Ki^hth Kdition. By Kev. I)k. DALLiMiKR. r. a. s. Reviied and 
Knlar^ed. with 800 Illustrations and many lithographs. tVtavo. /Vr/«frfJtjf. 

CAUTLET. Feeding of Infanta and Tonng Children by .Natural and Am- 

h( lal McthfHU. Iw Ki>iit'M> Caitlky. m.i>.. Physician to the Belgrave Hoftpital 
for Children. I^ndiin. I2mf». Cloth, fb 410 

CAZEAUX and TABHIEB'S Midwifery. With Appendix* hj Mnad^. The 

Theory and Practice of Obstetrics, including the Uiseases of (Vecnancy and 
Parturition. Obstetrical Operations, etc. By P. Ca/kj^ux. Remodeled and ra- 
arranf^ed. with revisions and additions by S. TARSiP.a.M.n. Ki|;hth Amcncaa. 
from the Ki^hth French and First Italian' Kdition. Edited by RoBRaT j. Hl&a. 
M.i>.. Physician to the Northern Dispensary. Phila.. etc.. with an Appendix hy 
Pai'L F.' Mfsi>^. M.D., l*rofe4sor of Ctynec'olouy at the New York Polyclinic. 
Illustrated by Chromo-I Jtho',:raphs. ljtho|^aphs. and other Full page Plaice 
and numerous Wood Kn^^ravinf^s. 8vo. Cloth. %\.So\ Full leather. $5. $0 

CHABTEBIS. Practiee of Medicine. The Student's c.uide. By .Vf . CHARTcan, 

M.i>.. Professor of Therapeutics and Materia Medira. (tlav^'ow l*nivrr«ity, eic. 
Sixth Kdition. with Therapeutical Index and many Illustrations. ClrHh, fa.OO 

CLOWES AVD COLEMAH. ElemenUrj Practical Chemiatry and QnaliUliv* 

Analjlia. .Adapted for I'^e in the I^ibor.i!nnes (.f S4 hools and CiiUeises. By 
Frank Ciowfs, i> «^.. Pn»fessor of Chemistry, rniversity College. Nottm|{bani. 
and |. Bf.kn'aki* Cot.rMAN. Demonstrator of CheiniMry. Nottin{*ham. Kn^lmnd. 
$4 Illustratinns. Cloth. SI.25 

COBLEHTZ. Manual of Pharmacj. A Text B«K.k for Students. By Virgil 

CoHLFM/ ^ XI.. I'll «r.. I'M. I).. ProtCkS^ir of Pieor) arul Practice of Pharmacy: 
Director «»! Ph irinai ruti< al UilHiraturv. C«»ilev:e of PharniACv of the City of 
New Y«»rk. Second Kdition. Revised anti Knlarjed. XX* llIusir.xtions. OctavOu 
5-2 p.i>;e*'. Cl«»th, iVjo; >heep, 54 ;o : Half Russia. f$.|0 

COHEH. The Throat and Voice. P>y J. s<»i.in.C4ihk.n. m.h. Illus. ismo. Cloth, .40 

COLLIE. On FcTen. A Pra< nral Treatise on Fevers. Thetr Historv. Ebolofy, 

I)ia^n«»%iN. Projn'i-^jv ..nd Irrarmen!. P.v A; FXAMiKK C<ii.i.fp.. ll.l».. Il.ax.r.« 
I.nnd.. Mr.I . .il < »n"; er -f the H'ij*irf?.i:i .n.l of the lurndtm Fever Hotpiiala. 
W.th Cc:*>retl l'!atc^. i.v:i. CloCh. tUOO 
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COOPEK. Syphilis. By Alfred Cooper, f.r.c.s., Senior Surgeon to St. Mark's 
Hospital ; late Surgeon to the London Lock Hospital, etc. Edited by Edward 
CoTTERELL, F.R.C.S., Surgeon London Lock Hospital, etc. Second Edition. 
Enlarged and Illustrated with 20 Full-Page Plates containing many handsome 
Colored Figures. Octavo. Cloth, $5.00 

COPLIN. Manual of Pathology. Including Bacteriology, the Technic of Post- 
Mortems, and Methods of Pathologic Research. By W. M. Late Coplin, m.d.. 
Professor of Pathology and Bacteriology, Jefferson Medical College ; Pathologist 
to Jefferson Medical College Hospital and to the Philadelphia Hospital ; Bacte- 
riologist to the Pennsylvania State Board of Health. Being the Second Edition 
of the author's " Lectures on Pathology." Rewritten and Enlarged. 265 Illus- 
trations, many of which are original. i2mo. 638 pages. Cloth, $3.00 

COPLIV and BEY AN. Practical Hygiene. By W. M. L. Coplin, m.d., and D. 
Bevan, m.d., Ass't Department of Hygiene, Jefferson Medical College; Bac- 
teriologist, St. Agnes* Hospital, Philadelphia, with an Introduction by Prof. 
H. A. Hare, and articles on Plumbing, Ventilation, etc., by Mr. W. P. Locking- 
ton. 138 Illustrations. 8vo. 

Cloth, $3.25 ; Sheep, 1^.25 ; Half Russia, $5.25 

CBOGKEE. DiBOases of the Skin. Their Description, Pathology, Diagnosis, and 
Treatment, with special reference to the Skin Eruptions of Children. By H. 
Radcliffe Crocker, m.d.. Physician to the Dept. of Skin Diseases, University 
College Hospital, London. 92 Illustrations. Third Edition. Preparing, 

CUFF. Lectures on Medicine to Nurses. By Herbert Edmund Cuff, m.d.. Late 
Ass't Medical Officer, Stockwell Fever Hospital, England. Second Edition, Re- 
vised. With 25 Illustrations. Cloth, $1.25 

ClTLLIirGWOETH. A Manual of Nursing, Medical and Surgical By Charles 
J. CuLLiNGWORTH, M.D., Physician to St. Thomas' Hospital, London. Third 
Revised Edition. With Illustrations. i2mo. Cloth, .75 

A Manual for Monthly Nurses. Third Edition. 32mo. Cloth, .40 

DALBT. Diseases and Injuries of the Ear. By Sir William B. Dalby, m.d.. 
Aural Surgeon to St. George's Hospital, London. Illustrated. Fourth Edition. 
With 38 Wood Engravings and 8 Colored Plates. Cloth, $2.50 

DAVIS. A Manual of Ohstetrics. Being a complete manual for Physicians and 
Students. By Edward P. Davis, a.m., m.d.. Professor of Obstetrics in the Jef- 
ferson Medical College ; Professor of Obstetrics in the Philadelphia Polyclinic ; 
Clinical Professor of Pediatrics in the Woman's Medical College of Philadelphia ; 
Attending Obstetrician to the Philadelphia Hospital and to the Jefferson Hospital ; 
Member of the American Gynaecological Society, of the American Pediatric 
Society, of the International Congress of Gynaecology and Obstetrics, of the 
College of Physicians of Philadelphia, of the Philadelphia Obstetrical Society, 
etc. Third Edition, Revised. With many Colored and other Illustrations, a 
large number of which have been drawn for this edition by a special artist. 
i2mo. Nearly Ready, 

DAVIS. Essentials of Materia Medica and Prescription Writing. By J. 
Aubrey Davis, m.d., Ass't Dem. of Obstetrics and Quiz Master in Materia 
Medica, University of Pennsylvania; Ass't Physician, Home for Crippled Chil- 
dren, Philadelphia. i2mo. |i*5o 

DAT. On Headaches. The Nature, Causes, and Treatment of Headaches. By 
Wm. H. Day, m.d. Fourth Edition. Illustrated. 8vo. Cloth, |i.oo 

DOMVILLE. Manual for Norses and others engaged in attending to the sick. By 
Ed. J. Domville, m.d. Eighth Edition. Revised. With Recipes for Sick- 
room Cookery, etc. i2mo. Cloth, .75 

DONDERS. Aphorisms Upon Anomalies of Refraction, and Their Results. 
Translated and Edited by Dr. Herman Snellen and Charles A. Oliver, m.d., 
Philadelphia. Small Octavo. In Press, 
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DBAYER. Appendioitit. Its History. Anatomy, Ktiolo^y. Pathology. Sympcomt. 
I>u):nosis. I'ro^^nosis. Treatment, Complications, and Sequelx. By John li 
Dravrr. M.D.. Assisunt l*rofessor of Applied Anatomy. L'niversity of Pennsyl- 
vania; Surgeon to the Orman Hospital, to the Children's Hospital, and to the 
rhiladelphia Hospital ; Con^ultin^; Surgeon to St. A}*nes'. St. Timothy's, and 
Cvermantown Hospitals, etc. A Systematic Treatise, with Colt>red lllustrationt of 
Metho<U of Procedure in Operating and Plates of Typical Pathological Condi- 
tion<ft drawn specially for thi» work. 32 Kull-Pa^'e Plates. 8vo. Cloth. $yy> 

SurgiCftl Anatony. A Treatise upon Surj^ical Anatomy and the Anatomy 
01 Sur);ery. Illustrated by upward of 200 Ori)(tnal Pictures drawn by 
special artists from dissections made for the purpose. Dctavo. /« I^ett. 

DUCKWOETH. On Govt lUuitrmted. A treatise on (nrnt. By Sir Dycs 

l)l*< KwoKTii. M.i». (Kdin.). F.R.c.t*.. Physician to, and Lecturer on CUnical 
Medi< me at. St. Bartholomew's Hospital. I^ndon. With Chromo-lithograoht 
and Kn^ravini;s. Octavo. Cloth. |6 00 

DtJHRSSEH. A Mannal of Oynacolopcml Practiee. By Dr. A. IHhrssesi. 

Pnvat-<locent in Mtdwiferv and («vncr( olni'v in the l*ni%'ersitv of lierlin. Trans* 
lated from the Fourth (^rman Kdition and I.dited by John \V. Taylor, p.r.c.s.. 
Surgeon to the Hirmin^'ham and Midlands Hospital for Women ; Vice-I*resideni 
of the British tiynecoloi;ical Society : and Frkdkrkk KiiGR, M.i> , M.R.c.r., 
F.R.r.s.. Sur^e<m to the Wolverhampton and District Hospital for Women. With 
105 IlhiMrations. 121110. Cloth, f I. ^ 

DTTLLE8. What to Do Firtt In Accidents and Poisoning;. By C. W*. Dt'i.i.ES. M.D. 
Filth F.dition, Flnlary^ed. with new lllusuations. i2nio. Cloth, ft. 00 

FBIWICK. Oaide to Medical DiagnoiU. By SAmei. Fknwick. m i».. p.r.c.p.. 

ConsuUinj; PhvMcian to ihc lx>ndon Hospital, and W. S. Fk.nwick. M.U.. 
M R.( -p.. Physician to the Out- Patients, Kvelina Hospital for Children. Eighth 
Fdition. In };reat part rewritten, with several new chapters. 135 liluttrations. 

Cloth, f 3.S0 

FICK. Diioaiet of the Eye and Ophthalaotcopy. A Handbook for Phytkiant 

and Students. By Dr. KtCtKN Fi< k. I'niversity of Zurich. Authonied TransU* 
tion by A. B. Half., m i>..<>phthalmu Surgeon. Cnited Hebrew Chanties. Con- 
suiting; Ophthalmic Sur^^eon. Chanty Hospital, Chicago; late Vol. Assistant. 
Imperial Kve Clinic. I'mversity of Kiel. With a Gloss.! ry and 198 lllustraiions. 
many of which are in rolors. 0< tavo. 

Cloth. 14.30: Sheep. lS.$o; Half Russia. |6.$o 

FIELD. ETaenant Medication — Cathartics and F^metics. By Henry M. Fisld. 
M.i>.. Wofessor of Therapeutics. Dartmouth .Medical Collei;e, Corporate Mem- 
ber (tyn^colo^ical Society of lioston. etc. i2mo. 288 pp. Cloth. $1.7$ 

FILLEBEOWV. A Text-Book of OperatiTO Dentiitry. Wntten by mvitauoa 

of the National Association of Dental Faculties. By Th«)IIAS Fii.LRIirow}!. M.D., 
D.M.l>.. lYofessor of Operative Dentistry in the Dental .Schcwl of Harvard L'a^ 
versity; Member of the American Dental Assoc., etc. lllus. 8vo. Clo.. $3.a 

FOWLEE'8 Dictionary of Practical Medicine. /»> l\truMs lih/m. An Eiiey. 

clo(>edia of Meiiicine. Kd:ted by Jamf.s Ki.nostox Fowi.» r. m.a.. M.U.. P.a.C.P^ 
Senior Asst. Ph>sician to. and Ixiturer on Pathological Anatomy at, the Mid* 
dlesex Hospital. I jundun. 8vo. Cloth. 53.00; Half Morocco. 

FOX. Water. Air and Food. Sanitary F.xammations of Water. Air and 

By CoRNKLiis B. i-ox. Ml). 110 Kn^ravin^s. 2d Kd.. Revised. Cloth. 13.50 

OAEDHEE. The Brewer. Distiller and Wine M annfactorer. A Handbook lor 

all Interested in the .Mar.ut.n Ture am! 'lr.Mleot Ai( «>hol and Its CompouMtob 

F.dited bv NiMN c. \hi»skk. y c.s. Ilaistratnl. Cloth, fl.yo 

Bleaching. Dyeing, -^rol Cah^o Pr.ntm.:. W.th Furmulx. Illustrated. Si.$o 
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FOLLUIOV. Obttatrie Vinuif. By Anxa M. FvtxsRTos. m.d.. Demon- 
tirator of Obstetrics in the Woman's Medical College; Itiysician in charge 
oC and Obstetrician and Gynecologist to. the Woman s HosfMtal. l*hiladelphia. 
etc 40 Illostrations. Fourth Edition. Revised and Enlarged. i2mo. Cloth, |t. 00 

Vunuiff IB Abdomuud Surftry and DiaamiM of WomtA. Compriaing the 

Regular Course of Instruction at the Training School of the Woman's 
Hospital. Philadelphia. Second Ed. 70 Illustrations. i3mo. Cloth. $1.50 

OAXSOD. On RheuauitiiaL A Treatise on Rheumatism and Rheumatic Arthritis. 
Br Archibald Edwakd (fARROD. m.a. (Oxon.). m.d.. m.r.c.s. (Enj*.). Asst. 
Physician. West London Hospital. Illustrated. Octavo. Cl^. |$.oo 

OILLLUirS Pathology. The Essentials of Pathology ; a Handbook for Students. 
By D. Tod Giluam. m.d.. Professor of Physiology, Starling Medical College, 
Columbus. O. With 47 Illustrations, iimo. Cloth, .75 

OOODALL and WA8HB0TTBV. A Manual of Inf(»etionf Diaoasos. By 

Edward W. Goodall, m.d. (London). Medical Superintendent KaMern (Fever) 
Hospiul, Homcrton, I^ndon. etc.. and J. W. Washboukn. f.k.c.I'.. Assistant 
Physician to (ruy's Hospital and Physician to the London Fever Hospital. 
Illustrated with Charts. Diagrams, and Full-Page Plates. Cloth, j^j.oo 

OOBOA8*8 Dental Medieino. A Manual of Materia Medica and Therapeutics. 
By FERtiiNA.KD J. S. GoRGAS. M.D., D.D.S.. Professor of the Principles of Dental 
Science. Oral Surgery and Dental Mechanism in the Dental Dep. of the Univ. 
of Maryland. Sixth Edition. Revised and Enlarged, with many Formula. 8vo. 

Cloth. I4.00; Sheep, |$.oo: Half Russia. |6.oo 

OOVLD. The lUoitrated Dictionarj of Medioina, Biolo^, and Allied Seiencoi. 

Being an F.xhaus»tive Lexicon of Medicine and those Sciences Collateral to it : 
Biologv ^Zoolojjy and Botany). Chemistry, Dentistry, Pharmacology, Microscopy, 
etc. hy (»F.OK(iK M. Gould, m.d.. Formerly Editor of TAr MaiUal Sm*s : 
President, i8<>3-t>4. American Academy of Medicine, etc. With many Useful 
Tables and numerous Fine Illustrations. Large. Square Octavo. 1633 pages. 
Third Kdition now Ready. Full Sheep, or Half Dark -Green leather. ^10.00; 

With Thumb Index. ^11.00; Half Russia. Thumb Index, 512.00 

The Students Medical Dictionary. Tenth Edition. Knlargeti. Including 

all the Wordi and Phrases generally used in Medicine, with their proper 
Pronunciation and Definitions, based on Recent Medical literature. With 
Tables of the Bacilli. Micrococci. Leucomains. Homains, etc., of the Arteries. 
.Muscles. Nerves, («anglia and Plexuses; Mineral Springs of U. S., etc. Re- 
written. Knlarged, and set from new Type. Small octavo, 700 pages. 

Half Dark Leather, $3.2$: Half Morocco. Thumb Index. I4.C0 

The Pocket Pronouncing Medieal Lexicon. (12,000 Medical Words 

Pronounced and Defined.) A Student's Pronouncing .Medical I.exicon. 
I Ontaining all the Words, their Definition and IVonunciation, that the 
Student generally comes in contact with; al!>o elaborate Tables of the 
Artenc>. MumtIc*. Nerves. Bacilli, etc.. etc.; a Dose Ijst in bi»th Knglish 
.ind M Ctrl'. System, etc., arranged in a most convenient form for reference 
ami meinon/ing. Thin 64mo. (6 x 3V inches.) Thf System of lyonunci- 
atton uud tn this book is very simpie. 

Full Limp Leather, (tilt Kdges. |i.oo; Thumb Index. $1.25 
•,• Simple P^ij^n am J desiriptri*e ctrcu/ars semi free up&n mppiuatiom. See P*ge 4. 

Borderland Stndiet. Miscellaneous Addressee and Essays Pertaining to Medi- 
Mne .ind the .Medical Profe^^ion, and Their Relations toOneral Science 
and 1 bought. By («F.OKGE M. (k>eLD, M.D. 3(0 pages. 1 2mo. Cloth. 1 2 .CO 

Compend of Diieaaes of the Bye and RefhtetioB. Including Treatment 

arul Operation*, with a Section on Local Therapeutics. By («k<>kgk M. 
< MM 1 1>. M !>.. and W. L. Pyljl. m.d. With Formulie. (Glossary, and several 
Liblo. Ill Illustrations, several of which are Colored. Bem^ A>. 8 
♦ 'J«;j <\^mpem*if Series. Cloth, .80. Interleaved for Note*. 51. 2( 
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OORDIVIEE. The OroM and Minnte Anatomy of tho Camtiml Hi 

STttom. IW H. C. (^OKDIMER. A.M.. M.D.. I'rofessor of rhytiology and Anatomy 
of the Nervous System in the Albany Medical College. With many ortfinal 
Illustrations. /« l^tpmr\tkh0m, 

0EIFFITH8 Graphic Clinical Chart Designea by j. I>. Crozkr GaiprrrH. 

M.D.. Instructor in Clinical Me<!icinc in the I'niversity of F*ennsylvania. PnmUd 
in three loArrs. Sample copies free. Tut up in loose packages of 50. .$0 

iVice to Hospitals. 300 copies. I4.00; iocx> copies, $7.50. \Vith name of Hoa* 
pital printed on. 50 cents ektra. 

OSOFF. Materia Medica for Vnnet. By John £. (;rofp. Pharmacist Rhode 
Island Hospital. Providence. i2mo. 240 pages. A'earfy ^gmgfy, 

0E0TB8 AMD THORP. Chemical Technology. A new and Complete Work. 
The Application of Chemistry to the Arts and Manufactures. Edited hy 
Chaklks K. («Roves. f.r.s.. and \Vm. Thomp. r.sc.. p.t.c. assisted by many 
ext>erts. In about eight volumes, with numerous illustrations. £sfM tm/mmg 
s^J srparaUiy, 
Vol. I. Ft' EL AND Its Applications. 607 Illustrations and 4 Plates. Octavo. 

Cloth. S$.oo ; Half Morocco, |6.SO 
Vol.11. Lighting. Illustrated. Ocuvo. Cloth. I4. 00; Half Morocco. |$.SO 
Vol. III. LiGHTi.NG — Continued. At Avu. 

OOWRRS. Manual of Diieaaee of the Verrone Syetea. A Complete Teat-book. 
By William K. Ck>wKRS. m.d.. p.r.s.. Physician to National Hospital lor the 
Paralyied and Kpileptic; Consulting Physician. University College Hospital: 
formerly Professor of Clinical Medicine. University College, etc. Secoe4 
Edition. Revised. Enlarged and in many parts rewritten. With many new 
Illustrations. Two Volumes. Octavo. 

Vol. I. Diaeaeee of the Verret and Spinal Cord. 616 pages. 

Cloth. 13.00 : Sheep. I400; Half Ruttia, f$joo 

Vol. II. Diieaset of the Brain and Cranial Verree; Qeaenl aii 
Fnnetional Diieaeet. 1069 pages. 

Cloth. I4.00: Sheep. I5.00: Half Russia, f6LOO 
%*This book has been translated into German. Italian, and Spanish. It is 
published in London. Milan. Ik>nn. liarcelona. and llitladelphia. 

STphilis and the Verroiu SjrttenL lieing a revised reprint of the Lcctso- 

niian Lectures for 1890. delivered before the Medical Society of London, 
i2mo. Cloth, 11.00 

Oiai^otisofDiioaaef of the Brain. 8vo. Second Ed. lUus. Cloth. $i.$o 

Medical Ophthabnoecopy. A Manual and Atlas, with Colored Allotype and 
Ijthographic Plates and Wood-cut^, compnsing Onginal Illustrations of the 
changes u{ the Kye m Disease^ of the Brain. Kidney, etc. Third Edition. 
Revised, with the assistance of K. Mak( t'h <«1'n.n'. p'.r.cs.. Surgeon, Rofal 
Londfin Dphthalniic Hospiul. Moortields. Octavo. Cloih, $4jOO 

The Djnamies of Life. 1 2mo. Cloth, .75 

Clinical Lectnret. A new volume of Essays on the Diagnosis. Trcaonent, 
etc.. uf Diseases of the Nervous System. Cloth, fSJOO 

Epilepsy and Other Chronic ConraliiTeDiieaiet. Second Edition. As/tav 
HAIO. Cantation of Disease by Uric Acid. A Contribution to the Pathology of 

Hi^h Arterial Tension. Headache. Kpilrp>y, Mental Depression, Goat, 
matism. I>i.il>etes. Hn^ht's Disease. An;rmia. etc. By Alfjl. HaIG. 
(Oxon.). F.K.c I'.. Ph%s;cian to Metropolitan Hospital. London. 65 lUi 
Fourth LJiiion. Cloth, %\a^ 

HALR. On the M anafement of Children in Health and Ihsease. Cloih, .fo 

HALL. Compend of General Pathology and Morbid Anatomy. Hy H. Ntvanv 

Ham.. iH(. . mm.. I'r<ife>^'»r (if r.i:h"!o;:y, ri»M-<fra<luate Medical ^hfflll, 
i."hM-.t^M. 1,1 Ilit:<.trat:ons. .M*. /> * tJutz-Lcmprnti * Smes. 

Xru' EJitmm 
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HALL. Diaaaaet of tlio Vom uid Thrott By F. Db Havilland Hall, m.d.. 
r.R.c.F. (Lond.). I^ytician in charge ThrtMit Depanment Wettminiter HotptuI; 
loint Ijccturer on Frtnctplcs and Hractice of Medicine, Wettminster Hospiul 
Medical School, etc. Two Colored PUtet and 59 lUut. lamo. Cloth, |3.So 

HAMILTOV. LaetnTM on TuMm from a Clinical Sundpotnt By John B. 
Hamilton, m.d., ll.d.. Professor of Principles and Practice of Surgery and 
Clinical Surgery in Rush Medical Collie, Chicago; Professor of Surgery. 
Chicago Polyclinic; Surgeon Presbyterian HospSal, etc. Third Edition. 
Revised with new Illustrations, tamo. Cloth. $1.25 

HAV8BLL ud BELL Cliniotl OphthafaMlofy, Dliftnilod. A Manual for 

Students and lliysicians. By Howard F. Hanssll, a.m., m.d.. Lecturer on 
Ophthalmology in the Jefferson College Hospital, Philadelphia, etc.. and Jambs 
H. Bell. m.d.. Ophthalmic Surgeon, Southwestern Hospital. Phila. With 
Colored Plate of Normal Fundus and lao Illustrations, iimo. Cloth, |i.$o 

HA&B. Modiaatinal Diaoaao. The Pathology, Clinical History and Dia^osts of 
Affections of the Mediastinum other than those of the Heart and Aorta. By H. A. 
Harr. m.d.. Professor of Materia Medica and Therapeutics in Jefferson Medical 
College, lliiladelphia. 8vo. Illustrated hy Six Plates. Cloth, $3.00 

HARLAH. Byotiyfatt and How to Care for It By Gborob C. Harlan, m.d.. 
Prof, of Diseases of the Eye, Philadelphia Polyclinic. Illustrated. Cloth, .40 

HAKKIS'S Prinoiplat and Pimetioe of Dntiftry. Including Anatomy, Physi- 
ology. Pathology. Therapeutics. Dental Surgery and Mechanism. By Charn A. 
Harris, m.d.. D.D.S.. late President of the Baltimore Dental College, Author of 
** Dictionary of Medical Terminology and Dental Surgery/* Thirteenth Edition. 
Revised and Edited by Ferdinand J. S. Goroas, a.m., m.d., d.d.s.. Author of 
'*Denul Medicine;** Professor of the Principles of Dental Science, Oral 
Surgery, and Dental Mechanism in the University of Maryland. 1250 Illustra- 
tions. 1180 pages. 8vo. Cloth, |6xx>; Leatner, fyxx); Half Russia, $8.00 

OictioiuurT of Dntiftry. Including Definitions of such Words and Phrases 
of the Collateral Sciences as Pertain to the Art and Practice of Dentistry. 
Sixth Edition. Rewritten, Revised and Enlarged. By Frrdinand J. S. 
(k>RGAS. M.D.. D.D.S.. Author of "Dental Medtcine;" Editor of Harris's 
" I^inciples and Practice of Dentistry ; *' Professor of Principles of Dental 
Science. Oral Surgery, and Prosthetic Dentistry in the University of Mary* 
land. Ocuvo. Qoth. f 5.00 ; Leather. |6.oo 

SABRI8 and BBALB. TroiUaitiil of Pvlaoaary Orasunption* By Vincrnt 
I><)RMKR Harris, m.d. (Lond.). r.R.c.r.. Physician to the citv of London Hospi- 
ul for Diseases of the Chest; ^Examining Physician to the Royal National Hoa- 
ptul for Diseases of the Chest, Ventnor, etc, and E. Cupford Bbal^ mji., 
M.a. (Cantab.), p.r.c.p.. Physician to the City of London Hospital for Diseases 
of the Chest, etc. i2mo. Cloth, |2. 50 

HABT£n)OB. Befraetion. The Refraction of the Eve. A Manual for Students. 
By (;i'!»TAVi*s Hartriiige, P.R.C.S.. Consulting Ophthalmic Sumon to St Bar* 
tholomew's Hospital, etc. 98 Illustrations and Test Types. Eighth Edition. 
Revised and Kniarged by the Author. Goth, ll.^o 

On The OphthataBOaoopo. A Manual for Physicians and Students. Third 
Edition. With Colored Plates and 68 Wood<uts. lamo. Cloth. |i.So 

HABT8H0RVS. Our Hoaoa* Their Sitnation, Conni u ctio n , Drainage, etc. By 
Henry Hartshorne. m.d. Illustrated. Qoth, .40 

HATFIELD. Diaeaaaa of ChiUrtB. By Marojs P. Hatfield. Professor of 
Diseases of Children. Chicago Medical College. With a Colored Plate. Second 
Edition. Being AV. //. / Qmiw-Cpm^ind f Siries, lamo. Goth. .80 

Interleaved for the addition of notes. Ii.js 

HELLER. Eaaentiala of Matoria Madiea, FhanuOT, uid Prtieriptioa Writ- 
ing. Hy Kdwin a. Heller, m.d.. Cjuii-Master in Materia Medica and F'har- 
mary at the Medical Institute. I'niversity of Pennsylvania, ismo. Cloth, ft. 50 
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HEATH. Minor Surgeir and Bandaging. Hy Chkistopher Heath. w,ujcj^ 

flolme Tru feasor ot Clinical burj^ery in I'm versify ColIe|;c. London. Tenth 
Kdition. Revised and Knlarged. With 15K IUustration&, 62 Kormulie, Diet 
Li&t. cti-. i2nio. Cloth. |l.3S 

Practical Anatomy. A Manual of Di&ttections. Kighth London Kdmon: 
300 Illu&trations. Cloth, 14.15 

Iiunriet and Diseasot of the Jawt. Fourth Kdition. Kdited by Henkt 
I'kkcv Dkas. MS., F.K.C.S.. Assistant Sur^^con l.ondon Hospital. With 
187 Illustrations. 8vo. Cloth. 14.50 

Lectnret on Certain Diseaaet of the Jawt, delivered at the Royal College of 

Sur^^rons of Kn);land. 1887. 64 Illustrations. 8vo. Uoards. .50 

HEMMETEB. Diieaeet of the Stomach. Their Special Tatholocy. Dagno»it. 

and Treatment. With .Sections on Anatomy. Anal>!iis of Stomach Contents. 
Dietetic^. Surgery of the Stomach, etc. Hy Joii.n' C HpMMl-rrRK. M.I>.. PHll.Oft.D.. 
Clinical Professor of Medicine in the I'm versify of Maryland ; Consultant to the 
University Hospital; Director of the Clinical !.abor.itory. etc.; formerly Cltni* 
cal I'rofesbor of Medicine at the Baltimore Medical CoIle};e. etc. With Colored 
and other Illustrations. Cloth, fioo: leather. 57.00; Half Russia. |8.oo 

HEHRT. Anemia. A l*ractical Treatise. My Krei>'k I'. Henry. M.D.. Hhyticiaa 
to Kpisciipal Hospital. Thiladelphia. Half Cloth. .50 

HEWLETT. Manual of Bacteriology. Hy R. T. IIkwi.ktt. m.!».. m.r.c.p.. Aml 

Hacteriiiln^Mst Hritish Institute of rrc%'entive Medicine, etc. With 75 lUtntra* 
tions. iKtavo. Cloth, I3X10 

HOLLOPETEB. Hay FcTor and Iti Sncceuftil Treatment. By W. C. Holijo- 

I'KTFK. A.M.. M.().. Clinital I'rofcssor of Pediatrics in the Medico Chirurgical Col- 
lege of Philadelphia. Physician to the .Methodist Mpiscopal. Medico-Chinirgical, 
and St. Joseph Hospitals, etc. tsmo. Cloth. |f.oo 

HOLDEH'S Anatomy. Sixth Edition. A Manual of the Dissections of the Human 
Iknly. Hv joii.N I.a.\<«to.v. k.k.c.s.. Sur>:eon to. and I.ecturer on Anatomy at, 
St. Bartholomew s Hospital. Carefully Revised by A. Hrwso.n. m.d.. l^emonslra* 
tor of Anatomy. jctTerson Medical College, etc. 311 IHustr.itions. ismo. 800 
pa^es. Cloth. 12.30; (M-cIoth. I2.50: Leather. |3j0O 

Human Osteology. Comprising a Descnptmn of the IU>nes. with Colored 
Delineations of the Att.ichmenis of the Mum Ics. The l^neral and Micro- 
sKipu al Structure of Hone and its Development. 7th Kd.. carefuUv Revised. 
With Lithographic Plates and Numerous Illustratiun^. CloCh, #S-'S 

Landmarks. Medical and Surgical. 4ih Kdition. 8vo. Cloth, f IjOO 

HOLLAED. The Urine, the Gastric ContenU, the Common P^isoM aai tka 

Milk. Memoranda. Chemn al and .Mu roM upu al. for l.al>oratory Use. Bfl. W. 
Hoi.UiM>. M.I).. Professor (jf .Metlsi .il « hemistry and ToxicologY in Jeifc uu a 
.Metlical Colle>;e. of Philadelphia. Fifth Kditum. Knlarged. Illuscrated aD4 
Interleaved. I2mu. CloCh.ftjQO 

HOESLET. The Brain and Spinal Cord. The Strurture and Functions of. Being 

the Kullerian Lriturrsmi Ph\Moln^'\ t«ir iS.^i. Hy Vktor A. HoasLCV. HA.. 
r K.s..etr . A^sisLint sur^Tiin. rni\rTx;t\ i'nllr^e H«ispital. ProfeM<ir of I'athology, 
I'nut-rsitv I ••!l(->;e, London, rtt . W.th r i:merous Illustrations. Cloth, fS.Jo 

HOEWITZ'8 Compend of Surrery. in> ludm^* Minor Sur^^ery. Amputations. Frac- 

tures. Di^l'M aisiiMs. >wr^':« .il Ti^cinrs. .ind the I..iTest Antiseptic Rules. ctr.« vick 
Ditferent-..il DM^'n^isis and I re.itmcnt. !;> okviii.k Horwiti. R.^. M.Dl. I^vk 
frssor <it I trn;t>>-rrii;.irv Dise.ise^. l.i:e I )riii<>ns:r.it<ir of Sur|[ery. JeflcTSOn Mcdi- 
< al t •'.'.(■/r { :r!h \A.\.' :: \ rr\ n-..> h Knl.w^'rd .md Rearranged. Over JQO 
paj;e>». i' " IKu-'.rat.uti^ .w.il /• I ■.r:ir.:'..r ijiuo. .\'.i q ^tJmttC&mp^tulf St^in, 

Lioih. .!'• •. Interleaved for notes. fi.S| 
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HOTXLL. DisMiM of Um Bar tai ■•MAarjriz. A Treatiie indudiiif 
Anatomy and PhysiolofY of the Orj^n, together with the treatment of the affec- 
tions of the Note and Pharynx which conduce to aural disease. By T. Mamk 
HovEix. p.R.c3.(£dm.).M.a.c.s.(£nf.). Aural SuTfeon to the Londo«i Hoepiul. 
for Diseases of the ThitMU, etc. \%% Illut. Second Edition. Prtpmring, 

HVMPHBBT. A Manual ftir J m i t . Including feneral Anatomy and Physiology, 
management of the sick*room, etc. By Laurbiicb Humphrkv, mj^.. m.b*. 
M.R.C.S., Assisunt Physician to, and Lecturer at. Addenhrook's Hospital, Cam* 
bridge, England* Sixteenth Edition, tamo. Illustrated. Cloth, ft .00 

HVGHS8. CoBptad of tha Praaliaa of Xadidaa. Fifth Edhion. Revised and 

Enlarged. By Daniel E. Hughes. m.D., Chief Resident Physician Philadelphia 
Hospital ; formerly Demonstrator of Clinical Medicine atfenerson Medical Col* 
le^e. Philadelphia. In two parts. BHngPhs. i tmdj, tOmM-C^m^endt Sfrus, 

Part I. — Continued, Eruptive and Periodical Fevers, Diseases of the Stomach. 
Intestines, Peritoneum, Biliary Passages, Liver, Kidneys, etc., and Geaerml 
Diseases, etc. 

Part II. — Diseases of the Respiratory System, Circulatory System and Ner* 
vous System ; Diseases of the Blood, etc. 

Price of each Part, in Qoth, .80; interleaved lor the addition of Notes, I1.35 

Plmieiaas* MitJftn. — In one volume, including the ahove two parts, a sec- 
tion on Skin Diseases, and an index. Fi/iJk rtvmd. emUargtd Ediimm. 
S68 pag9S. Full Morocco, Gilt Edge, f3.3$ 

** Carefolly tad sjnteoiatically ooo^iUed.*'— Tht Ltmdtm LsmttL 

HVTCHIVSOV. The Voea and Throat A Manual of the Diseases of the Nose 
and Throat, including the Nose. Naso-Pharynx, Pharynx and Larynx. By 
Procter S. Hutchinson. m.r.cs.. Ass't Surgeon to the London Hospiul for 
Diseases of the Throat. Illustrated hy Lithograph Plates and 40 other Illus., 
many of which have been made from original drawings, tamo, ad Ed. /« /Wn. 

IHPBT. A Handbook on Laproey. By S. P. Impsy, m.d.. m.c. Late Chief and 
Medical Superintendent, Rooben Island Leper and Lunatic Asylums. Cape Col- 
ony. South Africa. Illustrated by 37 Plates and a Map. Octavo. Cloth, $yy> 

aXLtn. The Moatal Aftetioikf of Ohildron. Idiocy. Imbecility. Insanity, 
etc. Hy W. \V. Irrland. m.d. (Edin.), of the Home and School for Imbeciles. 
Mavtfbufth. Scotland ; late Medical Supt. Scot. National Institute for Imbecile 
Children ; Author of ** The Blot on the Brain.** etc. 500 pages. /m Jhns* 

JAC0B80V. OporatioBS of targory. By W. H. A. Jacobson. a. a. (Oxon.). 
p.R C.S., (Eng.^; Ass*t Surgeon. Guy*s Hospital; Surgeon at Royal Hospital for 
Children and Women, etc. With over aoo lUust. CTolh, I3.00 ; Leather. $^joo 

Diseasea of the Male Orgaat of Ooatratioa. S8 Illustrations. Cloth. 16.00 

JXLLBTT. The Praotioo of Midwifny. Embodying the Treatment adopted in 
the Rotunda Hotpiul. Dublin. By Hrnry JatXBTT. a a., m.d.. Assisunt Master. 
Kotunila Hospital, with a Preface by W. J. Smyly, m.d.. p.R.c.f.i.. Late Master. 
With many Illustrations and an Appendix containing Statistics of the Hospital. 
i2mo. Cloth, 11.75 

J0VS8. Medieal Bloetrieily. A Practical Handbook for Studenu and Prac- 
titioners of Medicine. By H. Lewis JONis, M.A.. m.d.. m.rx.p.. Medical Officer 
in Charge Electrical Department. St. Baitholoniew*s Hospital. Second Edition 
of Sieaventon and Jones* Medical Electricity. Revised and Enlarged 1 1 2 Illus- 
tration!^. i2mo. Cloth. |2.^ 

KSBV. Cliaieal Charta A series of seven Outline Drawings of the Human Body, 
on which may be marked the course of anjr Disease. Fractures, Operations, etc. 
By W. W. KER.N. m.d.. Professoff of the Principles of Surgery and Clinical Sur- 
l^en-. jrfTcrson Medical College, Philadelphia. Put tip io P^dM of $0. with 
explanations. Kach pad. |i.oo. Each Drawing may also be had separately 
t;ummr<1 on back for pasting in case book. 3C to the pad. PHce, 2$ cents. 

•»• S^t.t/ t kartt will bt printed /# 0rder, Samples fret. 
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KIRKS'8 Phytiolo^. (/^M Amikorized Edition. t2mo. Dark Rtd a0tk,) 

A HandlMxik of I'hysiolo^y. Kourternth l/>nd(jn Kdition, Revised and Enlarged. 
By \V. I). HALi.iHi*RroN.' M.ii.. p.r.s., Trofcssor of I'hysiolo^sy Kind's College. 
l^ondon. Thoroughly Kevi^d and in many part> Kewntten. 66l llluA.. many 
of whirh are printed m Colors. 851 pa^cs. izmo. Cloth. $3.00 ; Lealhcr.9t75 

IMPORTANT NOTICE. This is th« identical PourtccDth EdittOD of *' Klrk«*t Phy«t«toffy." 
■^— •^— — ^-^^^^-^— ^^ as published in London by John Murray. th« aolc ewn«r •! tb« to»k. 
(t IS the only edition containing th« rcviatona and additions of Dr. Halltburion, aod lli« mtm aMl 
original illustrationa included at hi* auKgealion. It is the edition of which the LoodttB iMMt9t 
■peaks in its issue of October 17 iSa6. as follows " The book as now presented to the ttudftat ■••JT 
be regarded as a thoroughly reliable csposition of the present state of phyatolotlcal acteaca.** 

KEVWOOD. Public Health Laboratory Work. By H. K. Krnwoi^d. m.b.. 

i».F.ii., F.«*.s.. In'ttriictor in Hygienic Laboratory. CnivrrMty C*oIle>;e, late Aft«iftUni 
Kxaininrr in H>;:icne. .Science and Art Department. South Ken&m^on. London, 
vtr. With ii'> Illustrations and 3 IMates. Cloth. %2joo 

KL£EV. Handbook of Mattafl^. By Km 11. Ki.eks. m.i>.. ph.i>.. Stockholm and 

i*arNl)aii. Atithorued Translation from the Swedish, by Ki>wakD Ml'SSEV HarT- 
WKi.L. M.I).. I'ii.i».. Director of I'hysiral Training in the Public Schools of Boston. 
With an Introduftion by Dr. S. Wkik Mitciiki.i.. of Philadelphia. Illustrated 
with a ^erles of rhotn;;raphN made Niiecially by Dr. K1.EKN for the American 
Kdition. 8vo. CUich, $3.3$ 

LAHDIS' Compend of Obstetrics : especially adapted to the Use of Students and 

l'hvsician>. Hv Hf.nky <». Ijini>is. m.u.' Fifth Kdition. Revised bv \Vm. H. 

• ■ # 

Wklis. M.()...\r&<»'t Demonstrator of Clinical Obstetric^. Jefferson Medical College ; 
Member Obstetrical Society of rhiladelphia. etc. Knlar^^ed. Witb Many lIliM- 
tr atio n s . Xc*. j f Ouis- L 'omf^fnH f Srrirs . 

Cloth. .80; interleaved for the addition of Notes, f 1.3$ 

LAHDOIS. A Teit-Book of Hnman Physiolorj ; including Histology and Micro- 
scopical Anatomy, with s^iecial reference to the requirements of Practical Medi- 
cine. By Dk. L. Landois. l*rofessor of Thvsiology and Director of the Phrsao- 
logical Institute in the I'nivcrsity of (ireifswald. Kifth American, translalcd 
from the last <'rerman Kdition. with additions, by Wm. Stirling. M.D., D3c.. 
Brackenbury Professor of Physiology and Histology in Owen's College, and Pro- 
fessor in Victoria L'niversity. Manchester : Ki^aminer in Physiology in L'niversity 
of Oxford. Kn^land. With 843 Illustrations, many of which aire printed la 
Colors. 8vo. Im J¥rtt, 

LAZARUS-BARLOW. Oeneral Patholo^. By w. s. I.A/.ARi*vBAaLow, m.o.. 

Demonstrator of Pathology at the I'mvcrsity of Cambridge, Kngland. 

7iy3 pat;e%. i ktavo. CloCh. f (jOO 

LBB. The Microtomist's Yade Meciun. Fourth Kdition. A Handbook of 

.Methods of Miiroscopn Anaiomv. By Akthir I ki 1.1. e.s I.r.E. formerly Ass't in 
the Russian l^lwiratory ot /oolo^'\. at Villefranche-sur-.Mer (Sice). 887Affliclca. 
Knlari;ed and Kevi^il, and in many portions ^'reatly extended. Svo. Cloth. I4.00 

LBFFMAHH'S Compend of Medical Chemistry, Inorgamr and Organic Id- 

cludin)^ Irine .-\nal\sis. Hy Hknkv I.kkfmann. mij.. Prof, of Chemiftry la 
the Woman''* Medical C^ille^e in the Penna. CoUeL'e of Dental Surgery 
in the W.i;:ner 1-ree Institute of .St lenrr. I'hiladeltthia : Pathological ~ 
leMerson Med.cal l.iiile);e. .Vi'. /«> ffju::ii»mpfmdf Smrs, Kourth 
Rewritten. L loth. si. Interleaved for the addition of Nolca. fl.Sf 

The Coal-Tar Colors. >^''h >;•<*• lal Keierm' e t'l their Injurious Qualities and 

the Kf'^ri' t^>r!^ i»t tt-.c.r I %r. A rr.ir)<>l.iT.iin of Theodore We% Ts Mooo- 
);raph. i:ii..>. (^loch, f t^| 

Pro^ressiTe Eiercises in Practical Chemistry. A I.al>oratory Hand b ook. 

Il.iiN^r.itrii. I riirii I.d:!ion. Kfvist.: .1;;,! I r.^ir^'cd. l3mo. Cloth. SIjOO 

Examination of Water i«'r ^.tr..*.ii> .im! In }l^.^ ai Puf|xjses. Third KdAoa. 

l.:...ir.^ei: i:;.:^tr.i!ril. l.vn<>. Cloth, f I.I | 

Analysis of Milk and Milk Products. .\?rj:.^'r«i :•> ^int the needs of Aaalyt* 

. ». ■ -'v lt.ir\:i ..I'..: \l .K !?.-;-r- r-ri. ^e■ t.nd Kdituin. RcTnied 

.I-.-: : : .r.:r' » •;. l-i .<'.a: i:-.- i:- .0 Cloth, gl.a^ 
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LEPFMANII'. Handbook of Structnral Formnlse for the Use of Students, con- 
taining 1 80 Structural and Stereo-chemic Formulae. i2mo. Interleaved. 

Cloth, $1.00 

LEWERS. On the Diseases of Women. A Practical Treatise. By Dr. A. H. 

N. Lewers, Assistant Obstetric Physician to the London Hospital ; and Phy- 
sician to Out-patients, Queen Charlotte's Lying-in Hospital ; Examiner in Mid- 
wifery and Diseases of Women to the Society of Apothecaries of London. With 
146 Engravings. Fifth Edition, Revised. Cloth, $2.50 

LDfCOLN. School and Industrial Hygiene. By D. F. Lincoln, m.d. Cloth, .40 

LEWIS (BEVAN). Mental Diseases. A text-book having special reference to the 
Pathological aspects of Insanity. By Bevan Lewis, l.r.c,p., m.r.c.s., Medi- 
cal Director, West Riding Asylum, Wakefield, England. 18 Lithographic Plates 
and other Illustrations. Second Edition. 8vo. In Press, 

LIZAES (JOHN). On Tobacco. The Use and Abuse of Tobacco. Cloth, .40 

LONGLET'S Pocket Medical Dictionary for Students and Physicians. Giving 
the Correct Definition and Pronunciation of all Words and Terms in General 
Use in Medicine and the Collateral Sciences, with an Appendix, containing 
Poisons and their Antidotes, Abbreviations Used in Prescriptions, and a Metric 
Scale of Doses. By Eli as Longley. Cloth, .75 ; Tucks and Pocket, $1.00 

MACALISTER^S Human Anatomy. 800 Illustrations. A New Text-book for 
Students and Practitioners. Systematic and Topographical, including the 
Embryology, Histology and Morphology of Man. With special reference to the 
requirements of Practical Surgery and Medicine. By Alex. Macalister, m.d., 
F.R.S., Professor of Anatomy in the University of Cambridge, England. 816 Illus- 
trations. Octavo. Cloth, ^5.00 ; Leather, ^6.co 

MACDONALD'S Microscopical Examinations of Water and Air. With an Ap- 
pendix on the Microscopical Examination of Air. By J. D. Macdonald, m.d. 
25 Lithographic Plates, Reference Tables, etc. Second Ed. 8vo. Cloth, ^2.50 

MACKENZIE. The Pharmacopoeia of the London Hospital for Diseases of 
the Throat. By Sir Morell Mackenzie, m.d. Fifth Edition. Revised and 
Improved by F. G. Harvey, Surgeon to the Hospital. Cloth, ^i.oo 

MACBEADT. A Treatise on Ruptures. By Jonathan F. C. H. Macready, 
F.R.C.S.. Surgeon to the Great Northern Central Hospital ; to the City of London 
Hospital for Diseases of the Chest ; to the City of London Truss Society, etc. 
With 24 full-page Plates and numerous Wood-Engravings. Octavo. Cloth, $6.00 

MANN. Forensic Medicine and Toxicology. A Text-Book by J. Dixon Mann, 
M.D., F.R.C.P., Professor of Medical Jurisprudence and Toxicology in Owens Col- 
lege, Manchester ; Examiner in Forensic Medicine in University of London, etc. 
Illustrated. Octavo. Cloth, $6.50 

MANN*S Manual of Psychological Medicine and Allied Nervous Diseases. Their 
Diagnosis, Pathology, Prognosis and Treatment, including their Medico-Legal 
Aspects ; with chapter on Expert Testimony, and an abstract of the laws relating 
to the Insane in all the States of the Union. By Edward C. Mann, m.d. 
With Illustrations. Octavo. Cloth, $3.00 

MAESHALL*S Physiological Diagrams, Li& Size, Colored. Eleven Life-size 

Diagrams (each 7 feet by 3 feet 7 inches). Designed for Demonstration before 
the Class. By John Marshall, f.r.s., f.r.c.s., Professor of Anatomy to the 
Royal Academy ; Professor of Surgery, University College, London, etc. 

In Sheets, $40.00 Backed with Muslin and Mounted on Rollers, $60.00 
Ditto. Spring Rollers, in Handsome Walnut Wall Map Case (Send for 

Special Circular), $100.00 

Single Plates, Sheets, $5.00; Mounted, $7.50; Explanatory Key, 50 cents. 
No. I — The Skeleton and Ligaments. No. 2 — The Muscles and Joints, with 
Animal Mechanics. No. 3 — The Viscera in Position. The Structure of the Lungs. 
No. 4 — The Heart and Principal Blood-vessels. No. 5 — The Lymphatics or Absorb- 
ents. No. 6— The Digestive Organs. No. 7 — The Brain and Nerves. Nos. 8 and 9 — 
The Organs of the Senses. Nos. 10 and 11 — The Microscopic Structure of the 
Textures and Organs. {Send for Special Circular.) 
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MARSHALL. The Woiiuui*t Medical College of PennsylTmniA. An Historical 

Outline. By Claka Marshall, m.d.. Dean of the College. 8vo. Cloth. |l.$o 

MA80VS Compend of Electricity, and its Meilical and Surgical Uies. By 
Charlks K. .Mamis. M.I).. As^i^tant Sur^^eun T. S. Army. With an lntn>- 
(luction by Charles H. May. m.i>.. In:>iructur in the New York Polyclinic. 
Numerous lUu&trations. i2mo. Cloth. .75 

MAXWELL. Terminologia Medica Polyglotta. By Dr. Throdoke Maiweix. 

a^MMcd by cithers in vari(iu» countncsi. 8vo. Cloth, I3.00 

1 he iitijrcc of tK.« w rk %% to ai»i«i i»ir mr«lical men nf any natioiv«|:iy in readinf OMdicAl bMffBlwfV wil t I — 
!■ a Lin4tiA){« n<>t iKcir u«n K.^« K term i« iMiMlly given in Mvcn Un^uafet, vit. : Knflwh, Vrtmck, QmnmM», 
Italian, N^anith. Ku»ian anJ I«iiin. 

MATLARD. The Surgery of the Alimentary CanaL By Alfmed Erkest 

Maylaki). m r.. H.S.. Senior Sur>;eon tu the Victoria Inhrmary. Glasgow. With 
37 KuU r.i^e riateik and 117 other Illustrations. Octavo. Cloth. fy.JO 

MATS* Theine in the Treatment of Henralgia. By Thomas J. Mays. m.d. 

i6ino. }i bound. .$0 

McBEIDE. Diieaeet of the Throat, Vote and Ear. A Clinical .Manual for Stu- 
dents .inil I'r.utiti>>ncrs. By 1*. .McHkii>f.. m.i>.. r.R.c.p. (Kdin.). SurKCOO to the 
Kar an«! Thro.it Department of the Royal Infirmary; Ijecturcr on I>Bftea«n of 
Throat and l-lar. Kiiinburf^h Srhonl of Metlicinc. etc. With Colored I lluctnitioot 
from t)ri};inal Drawings. 2d Kdition. Octavo. Handsome Cloth, (jilt top. |6xio 



McHEILL. The PreTcntion of Epidemics and the Conitnictio& aai Mas* 
agement of Isolation Hospitals. By Dr. K(n,f.r .MrNF.iLL, MedM:al Officer of 
Health for the County of Argyll. With numerous I'lans and other IlluitratKNis. 
Octavo. CloCh. I3.f0 

MEIGS. Milk Analysis and Infant Feeding. A Treatise on the Exaimnation of 
Human and Cow^' .Milk. Cream. Condensed Milk. etc.. and Directions as to the 
Diet of Young Infants. By Arthur V. Meigs, m.d. i2mo. Cloth. .f0 

MEMMDIOER. Diagnosis by the Urine. The Practical Examination of Urine. 
with S}>etial Reference to Diagnosis. By Allard Mmmmingee, m.d*. lYofeisot 
of Chemistry and of Hygiene in the Medical College of the State of S. C; Visitiag 
rhystcian in the City Hospital of Charle>ton. etc. 33 I II us. l2mo. Cloth, $1 



MOVET. On Children. Treatment of Disease in Children, including the Oodiacs 
of Diagno<«is and the Chief Pathological DitTerences between Children and 
AduIt^. By Am.kl M«i.\ky. m.i>.. m.r.cm*., Ass't Physician to the Ho^Hial for 
Sick Children, (ireat Orinond Sl. London. 2d Edition. l2mo. CloCh. f3.fD 

MORRIS. Text-Book of Anatomy. 791 Illustrations, many in Colora A com- 
plete IVxtlKHik. Kditctl liy Hknky Morris f.r.c s.. Surg, to, and Lect. on 
Anatomy .it. MuUilescx H(i«>pital. assisted by J. Bland St-rroN. r.a C.S.. j. H. 
Davif.n-Cui.i K.Y. K.R <.%., Wm. J. Wai.sham. f.k.c.s.. H. St. John Brcxnu. m.d., 
R. .Mak'is <;i nn. f.r c s.. .Arthir Hkn'sman. F.R.r.s.. Frederick TBcrn^ 

F.R.r s.. Wiii.lAM AMikrsd.n. F k < .s . and Prof. W. H. A. IacOSSOM. One 
Handvitne octavo Volume. «ith 7./I Illustrations. 214 of which are pffiMcd m 
tol(ir). Cl«ith. I' ou; leather, I7.C0: Half RuMia. |IjOO 

** lakcn Iks ft wh>>>, »r hftve n'» br».t.iti<>ti in ftcc«>r>ling very high praise lo iWs wwk. It 

nil! rank. «c iielic\r. w^th the ira ;:ijg AuftS'intet. 'I he iUuitrstiuu arc haadsOBt amd tkt 

|>riiittag 1* g <o! ' -/>'.• .Vw Afrtii.j. .:nj >ttr. i*a.' /."urma*. 

'* I iic Work &¥ a wr.ulc :* ti! r^i with ; ra ticji i>:eat, ftn«l the ftalieiit ptilDtS of ikt nbysd 
are j-riiiirib rnipKa«::r Ih" *-r^e ■!• w .. 't }Mr cui^r.v olitirtl Iit the tcctioa 00 iht lop^ 

(;rJ;>^l^al atiJl •n.v.«»:vU -.« tu!! :u re, I'-tion <■! eicr.rtt! atii uwfal riiuiratioQS."-^7ar JUM*^ 

Handsome circular, with sample p'K^* *nj colored itlustraliofis, 
schools where it hat been recommended, will be sent free to any address. 
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M ORTOH on Befraetioil of the Bye. Its Diagnosis and the Correction of its Errors. 
With Chapter on Keratoscopy, and Test Types. By A. Morton, m.b. Sixth 
Edition. Revised and Enlarged. Cloth. |i.oo 

MOXTLLni. Surgery. Third Edition, by Hamilton. A Complete Text-book. 

By C. \V. Mansp.ll Moulun. UJi„ M.D. (Oxon.). P.a.c.s., Surgeon and Lec- 
turer on Physiology to the London Hospital : formerly KadcTiffe Traveling 
Fellow and Kcllow of Pembroke College, Oxford. Third American Edition. 
Revised and edited by John B. Hamilton, m.d.. ll.d.. Professor of the Principles 
of Sur^erv and Clinical Surgery, Rush Medical College, Chicago ; Professor of 
Sur^cr>\ Chicago Polyclinic ; Surgeon, formerly Supervising Surgeon -C^neral, 
U. S. .Marine Hospital Service; Surgeon to I'resbyterian Hospital; Consulting 
Surgeon to St. Joseph's Hospital and. Central Free Dispensary. Chicago, etc. 
600 Illustrations, over 3oo of which are original, and many of which are printed 
in Colors. Royal Octavo. i3$o paecs. 

Handsomely bound in Cloth, i6.oo; Leather, $7.00; Half Russia. |S.oo 
** The aim to make this valiublc trestise prsctical by giving tpccial stteottOQ to quettioDft of 
treatment Has lieen admirably carried out. Many a reader will consult the work with a feeling 
of aatiifaction thai hii wants have been onderMood, and that they have been intelligently met. 
lie will not look in vain for detatU, without proper attention to which be well knows that the 
highest Micceu it imf^ouible'* — Til/ Amurifam J^urn^l »f Mt^Ual Scienies, 

Handsome circular, with sample pages and colored illustrations, will be sent to 
any address upon application. 

Enlargement of the Prostate. Its Treatment and Radical Cure. Illus- 
trated. Second Edition. Octavo. Preparing, 

Inflammation of the Bladder and Urinary FeTor. Ocuvo. 910th. ii.so 

HUllRELL. M aaeotherapeutiot. Massage as a Nfode of Treatment By \Vm. 
MuRRKLL. M.i>.. F.R.C.P.. Lecturer on Pharmacology and Therapeutics at West- 
minster Hospiul. Sixth Edition. Revised, ismo. Ptepartng, 
What To Do in Cases of Poisoning. Seventh Edition, Enlarged and Re- 
vised. 64mo. Cloth, ft. 00 

MTJTSR. Praotieal and Analytieal Chemistry. By John Mittkr. p.r.s., p.cs.. 

etc. Fourth Edition. Revised, to meet the requirements of American .Medical 
Collc^'cs. by Claude C. Hamilton, m.d., F*rofessor of Analytical Chemistry 
in L'luvcrsity Med. Col. and Kansas City Col. of Pharmacy. 51 lUus. Cloth.ll.35 

H APHET8' Modem Therapenties. Vinth Rensed Edition, Enlarged and Im- 

proved. In Two Handsome Volumes. Edited by Allen j. Smith, m.d.. Fro- 
tciiM:tr of Pathology. University of Texas, Galveston, late Ass't Demonstrator ol 
.Morbid Anatomy and Pathological Histology, Lecturer on Urinology, University 
of Pennsylvania ; and J. AuBREV Davis, m.d., Ass't Demonstrator of Obstetrics, 
University of Pennsylvania; Ass't Physician to Home for Crippled Children, etc. 

Vol. I —General Medidne and Diseases of Children. 

Handsome Cloth binding, I4.00 

\ <)L. IL— Oeneral Surgery, Obstetrios, and Diseases of Women. 

Handsome Cloth binding. I4.00 

MEW STDENHAM 80CIETT Publications. Three to Six Volumes published 
e.i« h ye.ir. Ijst of Volumes up^m applUatian, Per annum, |S.OO 

HOTTEB and FIRTH. The Theory and Praetioe of Hygiene. A Complete 

TrciiNr by j. Ij^ne Nottbr, M.A.. M.I)., F.c.s,, Feilow and Member of Council 
of the s.initary Institute of Oeat liritain ; IVofessor of Hygiene. Army Medical 
Sch(w.I . Kx.tniincr in Hygiene. University of Cambridge, etc.. and R. H. hiRTH, 
p.K < N . .Assistant Professor of Hygiene. Army Medical School. Netly. Illustrated 
by io l.ith«>^r.iphic PUtes and 13$ other Illustrations. and including many Useful 
^ahlr^ (Ktavo. 1034 pages. Cloth. 17.00 

*»* I Xws v(»Uirnc IS based upon Parkes* IVactkal Hygiene, which will not be pub- 
l»*he<i hrre.ittcr 
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0BEB8TBIVEE. The Anatomy of the Central Venront Organs. A Guide to the 

sillily of their structure in Health and Disease. By lYofessor H. OBBaSTBlNEM. 
of the rniversity of Vienna. Translated and Edited by Al.FJC. HiLL, M.A.. M.U.. 
Master of Downin); College. Cambridge. 198 lUustrationft. 8vo. Cloth. IS.JO 

OETTSL. Praotieal Exerciiet in Electro^hemiitry. Hy Dr. Ffxix Okttbl. 
Authorized Translation by KiMiAR K. .Smith, m.a.. l*rofes$or of Chefntttry. 
L'niverMty of Tennsvlvania. Illustrated. Cl<iCb. .75 

Introduction to Electro-Chemical Eiperimentt. Illustrmted. By uune 

Author and Translator. Cloth, .75 

OHLEMAHH. Ocnlar Therapentici for F'hysicians and Students. By M. Ohu- 
MASS, M.ii. Translated and Kdited by Chaklf.s A. Oliver, a.m.. M.D.. Attend- 
ing Surgeon to Wills Kye Hospital, Ophthalmic Surgeon to the I'hiladelphta and 
to the Treitbyterian Hospitals. Fellow of the College of I'hyiicians of PhiU' 
delphia. etc. /m I^is. 

OEM EROD. Diteaset of Menroni System, Student's < ;uide to. Bv J. A. Ormerod. 

M.i>. (Oxon.), F.K.c.i*. (Ijond.). Mem. Pith.. Clin.. Ophth.. and Neurol. Societies, 
Physician to N.itional Hospital for Paralyzed and Kpileptic and to City of London 
Hospital for I)i!»ea&es of the Chest. Dem. of Morbicl Anatomy, St. Bartholo 
mew's Hospital, etc. With 66 Wood Kngravings. i2mo. Cloth. Si 



OSGOOD. The Winter and Its Dangers. By Hamilton Osgcx>d, m.d. Cloth, ,40 

OSLEE. Cerebral Paliies of Children. A Clinical Studv. By Wiixiam OsLsa. 

M.D.. r.K.c.f. (Lond.). Professor of Medicine, Johns Hopkins Univetsity, etc. 

8vo. Cloih. $uoo 

Chorea and Choreiform Affectionft. 8vo. Ooih, fjjoo 



OSTEOM . M attach and the Original Swediih MoTomenti. Thetr Applicatioa 

to Various Diseases of the Ikxlv. A .Manu.il for Students, Nurses and Fnytictaaib 
By Ki'KRB W. OsTKOM. from the Royal University of Upsala. Sweden; In Mi ac t Of 
in Massage and Swedi!»h Movements in the Hospital olf the University of 
Pennsylvania, and in the Philadelphia Polvclmic and College for Gradoaict in 
Medicine, etc. Third Kdition. Knlarged. Illustrated by 94 Wood Ettfrav* 
ings. many of which were drawn especially for this purpose, lamo. Cloth, ft 00 

PACKAEDS Sea Air and Sea Birthing. By John H. PACKAao. m.o. Clotk. ^ 
PAEKES* Practical Hygiene. By Kuwakd A. Pakkes, m.d. Supcrtedcd hy 

** Notter and Firth '* Treatise on Hygiene. See previous page. 

PAEKES. Hygiene and Public Health. A FVactical Manual. By Lotns C. 

Pakkrs. m.ii.. o.p.h. Lond. Univ.. Ixct. on Public Health at St. Gcoqpe't Hoe* 

pital. .Medical Officer of Health. Pansh of Chelsea, London, etc. Fifth Ediboa. 

Enlarged and Revi^d. 80 lUubtrations. izmo. Cloth, $t.SO 

The Element! of Health. An Introduction to the Study of Hygieaa. 

Illustrated. C1oth« f t^S 

PAEEISH'S Alcoholic Inebriety. From a Medical .Sundpoint. with till 
Cases from the Clinical Records of the Author. By JoSETH PaaaiSM. 
IVesident of the Amer. Assoc, for Cure of Inebriates. Clotll. fl 



PEEEIEA'S Prescription Book. Containing IJsts of Terms. Phrases. 
tions and Ahbrevt.itions used in I Prescriptions. Kxplanatory Notes. G 
Con^tructicin of l*rescriptions. Kule^ for the Pronunciation of " 
Terms. Hy Jonatha.n* Pckf.ika. m.o. Sixteenth Kdition. Cloth. .75: Tacks |t 

PHILLIPS. Spectacles and Eyeglasses, rhcir Prescription and AdiostmcML By 
K. j. Pint i.ii^. M i» . In^tru- (or on l>i^.ise\ of the Kye. I'hiladelpnia Mydnic, 

( >;»hth.i4rn:«: > ir^-mn. I'rr'»'»% trTi.in n>Hp::al. Second (Idition. R4 
Kntar,;e<!. 4-/ IH'i^^r.iticn'^. I2iiv'. Cloth. 1 1 
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FHT8ICIAV*S YlSinVO LIST. Published Annually. Forty-seventh Year (1898) 
of Its Publication. 

Hereafter all styles will contain the interleaf or special memoranda page, except 
the Monthly Edition, and the sizes for 7$ and ico Patients will come in two volumes 
only. The Sale of this Visitinf List increased over ten per cent, in 1896. 

BBOULAB BDXTIOV. 

For 35 Patients weekly. Tucks, pocket and pencil. Gilt Edges. |i.oo 

It «« •• «• •« «« «* 



50 

50 •• "2 vols. 

7S " "a vols. 

100 "2 vols. 



I.2S 

' Jan. to June 



|uly to bee. 
[an. to June 
[uly to Dec. 
[an. to June 
lulv to Dec. 



•• •• •• •• *• 2,00 



«• •• t* •« «« S_on 

«« •« «« •* «t 



2.2s 



Perpetual Edition, without Dates and with Special Memorandum Pages. 
For 25 Pauenu. interleaved, tucks, pocket and pencil, .... |t.3$ 

50 •• •• " ...... .... t.^ 

Monthly Edition, without Dates. Can be commenced at any time and used 
until full. Requires only one writing of patient's name for the whole month. 
Plain binding, without Flap or Pencil, .7$. Leather cover. Pocket and Pencil. |i.oo 
SXT&A Peneill will be sent, postpaid, for 2$ cents per half doxen. 

i^ This List combines the several essential qualities of strength, compactness, 
durability and convenience. It is made in all sizes and styles to meet the wants of all 
physicians. It is not an elaborate, complicated system of keeping accounts, but a 
pUun. simple record, that may be kept witn the least expenditure of time and trouble — 
hence its popularity. A special circular, descriptive of contents will be sent upon 
application. 

POTTEK. A Handbook of Materia Madica, Phanaaey, and TherajMnties, in- 

cludmg the Action of Medicines. Special Therapeutics of Disease. Official and 
Practical Pharmacy, and Mmute Directions for Prescription Writing, etc In- 
cluding over 600 Prescriptions and Formulae. By Samuel O. L. Pottek. m ji.. 
M.D.. M.R.c.p. (Lond.). Professor of the Principles and Practice of Medicine and 
Clinical Medicine in the College of Physicians and Surgeons, San Francisco: 
late A. A. Surgeon U. S. Armv. Sixth Edition. Revised and Enlarged by 100 
I'a^cs. 8vo. vVitk Thumb IiUUx in each copy. 

Cloth. 14. so; Leather. |$.So; Half Russia ^6.50 

Compend of Anatomy, including Yiaoeral Anatomy. Fifth Edition. Re- 
vised, and greatly Enlarged, with 16 Lithographed Plates and 117 other 
Illustrations. Being No, t f Qmis-Compemi t Sfrus. 

Cloth. .80; Interleaved for taking Notes. I1.25 

Compend of Materia Medica, Thcrapontiot and Praeeription Writing. 

%k ith s()ecial reference to the Physiological Action of Drugs. Sixth Revised 
.ind Improved Edition, with Index. iMLsed upon U. S. P. 1890, Brinf No. 
d f QutM'ComptnHf Srrirs. Cloth, .80. Interleaved foruking No I1.25 

Speech and Its Defeets. Considered Physiologically. Patho lUy and 
Kcmcdially ; being the Lea Prixe Thesis of Jefferson Medical c^.. . 1S82. 
Revised and Corrected. i2mo. C >. |l.oo 

POWELL. Diseases of the Lnnft and PUnni, Inelndinf By 

R hoK.i^s Powell^ m.d., r.a.c.r.. Physician to the Middles* rk^, *. and 
I onsuli.n^' rhysician to the Hospiul for Consumption and Diseases of CI 
.41 hromj>ion. Fourth Edition. With Colored Vlales and Wood F 

POWEE. Surgical Diaaaaet of Children and their Tre 

Mr'.h.»a>. By DArcy Power. M.A.. r.R.c.s. (Eng.). Demonsirmior 01 Oi 
hir,:rr\. St liartholomews Hospiul ; Surgeon to the Victoria Y 

* f .1 irrn IIluNtratcd. 1 :mo. Ckj 
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PRESTOM. Hysteria and Certain Allied Conditions. Their Nature and Treat- 

ment. With special reference to the application of the Rest Cure. Mas«age. 
Klectrotherapy. Ilypnoti&m. etc. By (iEokge j. I'restom. M.ii.. Profeuor of 
I)isea!^s of the Nervous System. Colle^^e of I'hysicians and Surgeons, Balti- 
more : Visiting Physician to the City Hospital; Consulting Neurologist to Bay 
View Asylum and the Hebrew Hospital : Member American Neurological Auo- 
cution. etc. With Illustrations, ismo. Cloth, |3Xlo 

PRITCHARB. Handhook of Diseases of the Ear. By Urban Pritchard. 

M.i).. K.K.c.s., Professor of Aural Surgery. King's College, London, Aural Sur* 
geon to Kind's College Husintal. Senior Surgeon to the Koyal Kar Hospital, etc. 
Third Kditmn. Knl.irgeil. M.my Illustrations and FormuLc. i3mo. Cloth. ILJO 

PROCTOR'S Practical Pharmacy. lectures on Practical Pharmacy. With Wood 
Kngr.ivings and 32 lithographic Kac -simile Prescriptions. By Barnari* S. 
Pk<n-iok. Thiitl Kdition. Revised and with elaborate Tables of Chemical 
.Solubilities, etc. Cloth, 13x0 

REESE'S Medical Jnhipnidenoe and Toxicology. A Text>book for Nfedicml uid 

I.r^al I'r.iititionrrs and Students. Hy Joh.n 1. Kkkse. M.D., Editor of Taylor's 
junsprudem e. Professor of the Principles and Practice of Medical luhspnidence, 
int ludini; Toxirolo};y. m the I'mversity of Penns\lvania .Medical Department. 
Fifth Kdition. Revised and Kditeti by Hrnky LrPFMASN. M.U.. PathdoficRj 
Chemist. Jctfcrs^m Medual Colle>;e Hospital; Chemist. State Board of Health : 
Professor of ChemiMr). Woman's .Medical Cune};e of Penna.. etc. isroo. 645 
p.ii;eN. Cloth. I3.00: Leather, 13.90 

** 1 o the «iu(len( of nirtlual juntprudrncc aD>l t«isico>ov:y it it invaluable, at it is 
clear. aikI tliurm^b in cvcr\ rctpcct." — '/Jkr Amt't^mm Jcutnat cf tJU Sttd%*ml Stitrntn* 



REEVES. Medical Microscopy. Illustrated. A H.indtKX)k for l*hyMcians and 

Students, including Chaptei> on lUi tenolo^y. Neoplasms. I'rinary Examifiatiott, 
etc. By Jamrs K. Kkkvks. m.i>.. Kx- President American l*ublic Health Associa- 
tion. Mcml>er Association .\menran Physicians, etc. Numerous lUuMntMHis. 
some of which are printed in colors. i2nio. Handsome Cloth, |3.$o 

R£0IS. Mental Medicine. A Practical Manual. By Ur. K. Rtois. formerly 

Chief of Clinique of Ment.U Diseases. I- acuity of Medicine of Pans; Hiyiician 
of the Maiv>n de Santv de Castrl d'Andorte . Professor of Mental Dueatcs, 
Faculty of Medicine. Bordeaux, rtr. With a Prefai e by M. BeXjAMIII Ban., 
Clmicil l*rofessor of Ment.il Diseases, Faculty of Medicine. Pant. Aothonjcd 
Tran'kl.uion fri>m the Second I'dition by H. M. Banmntek. M.U.. late Senior 
Assist.int Phy^irian. Illinois K.istern Hospital for the Insane, etc. With SB In- 
troduction by the .Author. 121110. 6y3 pa^^es. Cloth, $3.00 

RICHARBSOH. Long Life, and How to Reach It. By J. <). RlCHARtssoM. PraC. 
of Hygiene. L'niver»ity of Penns) Ivania. Clolk. 40 

RICHARBSOR'S Mechanical Dentistiy. .V Practical Treatise on Mcchuucml 

Dentistry. By Jiinkph Ki('HAKtis<»N, ii.n.s. Seventh Kdition. Tho r oegMy 
Keviited and m many parts Kewmten by Dk. (iKo. \V. Wakrrn. Chief 01 the 
Clinical Staff. Pennsylvania College of Dental Surgery, Philadelphia. With 691 
Illustrations, many of wh:<.h .ire from orij^inal Wood Kni^^vinfs. OctavoL 
^'"S P-*t;^^- Cloth. 5;.oo: Ix.ither, 56.00 ; Half RtsfttiA.f7.00 



ROBERTS. Practice of Medicine. The I he«>ry and Practice of Medidac. %f 
KrriiRkp k Kohkkts. m.ii.. Prnfess4ir of l'hera|)eutics at University CoDtfC 
I^ndon. Ninth Kdition. With Illustr.itions. 8vo. Cloth, 14.^: Leather, f^JD 

ROBERTS. Fractures of the Radius. A < im;. al. Patholo);icaJ. and ExpcrimeBtil 

stud>. By ji>ii\ H KiihFHTN. M i» . lri>trsvir nf Anatomy and SurMnr ia the 
Philadelph:.i'pi.;><.!:ni'-. et' . ; ; l;i;'!r.it ons. Vvn. CloOl.lljOO 
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UCHTBS*S Inorganie Chemistry. A Texi-book for Students. By Prof. Victor 
VON RiCHTKR. University of bresUu. Fourth Afnericmn, from Sixth German 
Edition. Authoriied Tranilation by Edgar F. Smith, m.a.. ph.d.. I'rof. of 
Chemistr>'. University of Pennsylvania, Member of the Chemical Societies of 
Berlin and I'aris. 89 Illustrations and a Colored Plate. i2mo. Cloth. $1.7$ 

Organie Cheaittry. The Chemistry of the Carbon Compounds. Third 
American Edition, translated from the Last German by Edgar F. Smith, 
M.A., PH.t)., Professor of Chemistry, University of Pennsylvania. Illustrated. 
2 vols. i2mo. Vol.1. Aliphatic Series. 600 pages. In Prtss, 

Vol.11. Aromatic Series. 600 pages. P^t^arimg, 

KOBIHSOV. Latin Oraamar of Phamaey and M edieine. By D. H. Robikson. 

PH.D.. l*rofessor of Latin Language and Literature. University of Kansas. Intro- 
duction by L. K. Savkr, ph.g.. Professor of Pharmacy in, and Dean of the Dept. 
of Pharmacy. University of Kansas. Third Edition. Revised with the help 
of I^of. L. E. Sayrr, of University of Kansas, and Dr. Charles Rice, of the 
Collej^e of Pharmacy of the city of New York. ismo. Cloth, |i.7S 

ST. CLAIB. Medical Latin. Designed expressly for the Elementary Training 
of Medical Students. By W. T.St. Clair. Instructor in Latin in the Kentucky 
School of Medicine and in the Louisville Male High School. i2mo. Cloth. 1 1.00 

SAVSOlf . Diseases of The Heart The Diagnosis and Patholog>' of Diseases of 
the He.irt and Thoracic Aoru. By A. Er.sest Sansom, m.d., r.R.c.P.. Physician 
to the l^ndon Hospital, etc. VV^ith Illustrations. 8vo. Cloth. |6.oo 

8ATKE. Omuiio Materia Mediea and Pharaaeegnoiy. An Introduction 

to the Study of the Vegetable Kingdom and the Vegetable and Animal Drugs. 
Comprt^ing the lk)tanical and Physical Characteristics, Source. Constituents, and 
PhArniacopirial Preparations. With Chapters on Synthetic Organic Remedies. 
Insects Injurious to Drugs, and Pharmacal Botany. By L. E. Sayre, ph.g.. 
Professor of Pharmacy and Materia Mediea in the University of Kansas. Mem- 
ber of the Committee of Revision of the V, S. Pharmacopoeia, 1890. A (jlossary 
and 543 Illustrations. 8vo. Cloth, I4.00; Sheep, I5.00; Half Russia. |6.oo 

SCHAMBEEO. Compend of Diieaeet of the Skin. By jay F. Schamrerg. 

.\svK-i.itc in Skin Diseases. Philadelphia Polychnic; Quiz- Master at University 
of Pennsylvania. 99 Illustrations. Cloth, .80. Interleaved. |i.2$ 

8CHREINER. Diet List Arranged in the Form of a Chart on which Articles of 
Diet < an be indicated for any Disease. By E. R. ScHREi.««eR. M D.. Ass*t Dem. 
of Physu>lo^:y, University of Penna. Put up in Pads of 50 with Oneral Dietetic 
Diretiions on Wrapper. Per Pad. .75 

8CHULTZE. Obstetrical Diagrams. Being a Series of 20 Colored Lithograph 
c harts, imperial map sixe, of Pregnancy and Midwifery, with accompanying 
explanatory (Orman) text, illustrated by wood-cuts. By Dr. B. S. ScHrLTiK. 
Professor of Obstetrics. L^niversity of lena. Second Revised Edition. 

Price, in Sheets. 126.00; Mounted on Rollers, Muslin Backs. I36.00 

8C0VILLE. The Art of Compounding. A Text-book for Students and a Refer- 
cn« c H«>oW lor Pharmacists. By WiLAUR L. ScoviLLR. PH.o.. Professor of Ap- 
pi.cti Pharmacy and Director of the Pharmaceutical I^borator\- in the Massa- 
« husf!!N «. Ollege of Pharmacy. Second Edition. Enlarged and Improved. 

Cloth. $1.50; Sheep, 13.50; Half Russia, I4. 50 

8EWELL. Dental Snrferj, including Special Anatomy and Surgery. By Hrnrv 
>Kwn.L. M.K.c s.. L.ii^.. President Odontological Society of (ireat Briuin. 3d 
Kii' .;on. ^really enlarged, with about 300 Illustrations. Cloth. $2.00 

8HAWE. Notes for Visiting Vnnet, and all those interested in the working and 
r.r^'Ani/a!:on of Di\inct. \ isiting. or Parochial Nurse Societies. By RosAUND 
< .III n 1 K SM AWK. Ihstnct Nurse for the Brooklyn Red Cross Society. With an 
Apix-n«i)\ explaining the organitation and working of various Visitins; and Dts- 
tru t Nur%r s*Kietie». by HELEN C. Jenks. of Philadelphia. i2mo. Cloth. $\joo 
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SMITH. Abdominal Siimry. Bcin^^ a Systematic Descripcion of all the Priad- 
pal Operauons. By J. TiKKio Smith, m.'a., f.k.s.b., Surg, to Bntish Roral In- 
hrmary. 224 Illustrations. Sixth Edition. Knlarged and Thoroughly RcviMd 
by James Swais. m.d. (Lond.). r.R.c.s.. Professor ofSurgery. University College, 
Hristol, etc. 3 Vulumes. ilctavo. Cloch. |lox» 

SMITH. Electro-Chemieal Analytit. By Eixsar F. Smith. Professor of Chem- 
istry, University of Pennsylvania. Second Edition, Revised and Enlarged. 27 
Illustrations, ismo. Ckiih, f 1.35 

♦,• Sre alio l V//// anJ RukUr, 

SMITH AHD KELLER. Experiments. Arranged for Studenu in Generml Chen- 
istrv. By Ki»GAK K. Smith, l^ofessor of Chemistry, University of Pennsylvania. 
and Dr. H. K. Kkller. Professor of Chemistry, Philadelphia High School. Third 
Edition. 8vo. Illustrated. CloCh. .60 



SMITH. Dental Metallniyy. A .Manual, liy Ernest A. Smith. rx3.. 
Instructor in Metallurgy Kuval College of Science, Iu>ndon. lUuslrated. I 

Cloch. 11.75 

STAMMER. Chemical Problems, with Explanations and Answers. By KanL 
Stammer. Translated from the Second (German Edition, by Prof. W. S. Hoa- 
KINSON, A.M., Wittenberg College, Springfield, Ohio. lamo. Cloth. .JO 

STABLIVO. Elements of Hnman Physiology. By Ernest H. Starumo, m.d. 

Lo.vD.. M.R.C.P.. joint Lecturer on Physiology at Guy's Hospital. London, 
etc. With 100 Illustrations. i2mo. 437 pages. Cloch,fljOO 

STARE. The DigestiTe Organs in Childhood. Second Bditim. The Dbcnns 

of the Digestive Organs in Infancy and Childhood. With Chapters on the 
Investigation of Disease and the Management of Children. Bv Lotns Sxann, 
M.D., late Clinical iVof. of Diseases of Children in the Hospital of the Unhrenily 
of Penn'a; Physician to the Children's Hospital, Phiia. Second Edition. 
Revised and Enlarged. Illustrated by two Colored Lithograph Plates and 
numerous Wood Engravings. Crown Octavo. Ctoth. $3jOO 

Tho Hyriene of the Hnrsery, including the Oneral Regimen and Feed- 
mg of Infants and Children, and the Domestic Management of theOidinary 
Emergencies of Early Ijfe. .Massage, etc. Sixth Editioo. Enlargnd. >} 
Illustrations. i3mo. 280 pages. Ckilh. |tjOO 

STEARHS. Lectnres on Mental Diseases. By Hknry Pihuam STmann. Mjk, 

Phvsician Superintendent at the Hartford Retreat. Lecturer on Mental Discnns 
in S'ale University. Member of the American Medico- iSychological Ass'n. Hon- 
orary .Member of the British Medico- Pyschological Society. WithaDigcttof 
Laws of the Vanuus States KeLiting to Care of Insane. Illustrated. 

Cloth. I3.7S: Sheep. %y%% 
STETEISOM AHD MURPHT. A Treatise on Hygiene. Hy Varions Amhon. 
Edited by Thomas .Stkviinmin. m.d.. f.k.c.i*.. lecturer on Cbemistfy and Medi- 
cal Jurisprudence at (luyS Ho<»pit.il, lontlon. etc., and SHIRLEY F. MtmraT, 
Medical ( >fftcer of Health to the County of Ix»n(lon. In Three Octavo Volamct. 
Vol. I. With PLites and Wood Kngravm^rs. Octavo. Cloih, f/^JOO 

Vol. II. With Plates .ind Wood En^ravm^s. Octavo. Cloth. #6^00 

Vol. III. Sanitary Ijiw. Octavo. Cloth, ISjQO 

*•* .?/#'* utl < 'iriti.\tr upon appiuation. 

STEWARTS Compend of Pharmacy. Based upon " Remington's Test-Book of 

Pharmacy." Bv h. K. mkwakt. m.i>., ph. g..<juii- Master in Chem. and 
ral Pharmacy. Phila. 1 nlle^e of Pharmacy: l^ct. in Pharmacology, 
Medical Coile^^e. I ;lth Kd. krv:scd m accordance with I'. S. P., 1890. C 
plrte tables <*f Mctr:c anit i;n^'.i<>h Wr..:hts and Measures, f QmM-Ctmftmdf 
:>fnes. Cloth. .So; Interleaved for the addition of nolli^fl.a| 

STIRLIVO. Oatlines of Practical Physiology. Includinfc Chemical and Eapcii* 

mental Phx^^imo^y. with >)iei lal Ke^rcnie to Practical SfedKme. By W. STin* 
Li.Nfi. M i> . V n.. l'rofcN^'»r Mt Ph>si<>l".:\ anti H.sti.l»}ry, Owens CoUegn. Vicsofin 
^ni\er^.:\. Man« Hester. Kxaininrr in {'.':\ -i-iti^'v. I'mversities of Edinburgh 
an«l I.oni <r; I hrii l.ii *.;>'n. 2- ^ Ilaistrattons. Cloth. fljQO 
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STIRLING. OutlineB of Practical Histology. 368 Illustrations. Second Edi- 
tion. Revised and Enlarged, with new Illustrations. i2mo. Cloth, $2.00 

STOHR. Text-Book of Histology, Including the Microscopical Technique. 

By Dr. Philipp Stohr, University of Zurich. Authorized Translation by 
Emma L. Billstein, m.d., Demonstrator of Histology and Embryology, 
Woman's Medical College of Pennsylvania. Edited, with Additions, by Dr. 
Alfred Schaper, Demonstrator of Histology and Embryology, Harvard 
Medical School, Boston. Second Edition, Enlarged and Revised. 275 Illustra- 
tions. Octavo. Cloth, $3.00 

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and Treatment of Extra- 
Uterine Pregnancy. Being the Jenks Prize Essay of the College of Physicians 
of Philadelphia. By John Strahan, m.d. (Univ. of Ireland), late Res. Surgeon 
Belfast Union Infirmary and Fever Hospital. Octavo. Cloth, .75 

SXTTTON'S Volumetric Analysis. A Systematic Handbook for the Quantitative 
Estimation of Chemical Substances by Measure, Applied to Liquids, Solids and 
Gases. Adapted to the Requirements of Pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Photography, etc., and for the Valuation of 
Substances Used in Commerce, Agriculture, and the Arts. By Francis Sutton, 
F.C.S. Seventh Edition, Revised and Enlarged, with 112 Illustrations. 8vo. 

Cloth, $4.50 

SWAIN. Surgical Emergencies, together with the Emergencies Attendant on 
Parturition and the Treatment of Poisoning. A Manual for the Use of Student, 
Practitioner, and Head Nurse, By William Paul Swain, f.r.c.s.. Surgeon to 
the South Devon and East Cornwall Hospital, England. Fifth Edition. i2mo. 
149 Illustrations. Cloth, $1.75 

SWANZT. Diseases of the Eye and their Treatment. A Handbook for Physi- 
cians and Students. By Henry R. Swanzy, a.m., m.b., f.r.c.s.i.. Surgeon to 
the National Eye and Ear Infirmary ; Ophthalmic Surgeon to the Adelaide Hos- 
pital, Dublin. Sixth Edition, Thoroughly Revised and Enlarged. 158 Illus- 
trations, one Plain Plate, and a Zephyr Test Card. i2mo. Cloth, $3.00 

" Is without doubt the most satisfactory manual we have u{>on diseases of the eye. It occu- 
pies the middle ground between the students' manuals, which are too brief and concise, and the 
encyclopedic treatises, which are too extended and detailed to be of special use to the general 
practitioner." — Chicago Medical Recorder. 

STMONDS. Manual of Chemistry, for Medical Students. By Brandreth 
Symonds, a.m., m.d., Ass't Physician Roosevelt Hospital, Out- Patient Department ; 
Attending Physician Northwestern Dispensary, New York. Second Edition. 
i2mo. Cloth, %2,Qo 

TAFT. Index of Dental Periodical Literature. By Jonathan Taft, d.d.s. 
8vo. Cloth, $2.<x> 

TALBOT. Irregularities of the Teeth, and Their Treatment. By Eugene S. 
Talbot, m.d.. Professor of Dental Surgery Woman's Medical College, and 
Lecturer on Dental Pathology in Rush Medical College, Chicago. Second Edi- 
tion, Revised. Octavo. 234 Illustrations. 261 pages. Cloth, $3.00 

TAinVER*S Memoranda of Poisons and their Antidotes and Tests. By Thos. 
Hawkes Tanner, m.d., f.r.c.p. 7th American, from the Last London Edition. 
Revised by John J. Reese, m.d.. Professor Medical Jurisprudence and Toxi- 
cology in the University of Pennsylvania. i2mo. Cloth, .75 

TAYLOR. Practice of Medicine. A Manual. ^ By Frederick Taylor, m.d.. 
Physician to, and Lecturer on Medicine at, Guy*s Hospital, London ; Physician to 
Evelina Hospital for Sick Children, and Examiner in Materia Medica and Phar- 
maceutical Chemistry, University of London. Cloth, $2.<x>; Sheep, |2.$o 
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TATLOR AND WELLS. Diseases of Children. A Manual for Students and 
Physicians. By John Madison Taylor, a.b., m.d., Professor of Diseases of 
Children, Philadelphia Polyclinic ; Assistant Physician to the Children's Hospi- 
tal and to the Orthopedic Hospital ; Consulting Physician to the Elwyn and the 
Vineland Training Schools for Feeble-Minded Children ; Neurologist to the 
Howard Hospital, etc. ; and William H. Wells, m.d., Adjunct- Professor of 
Obstetrics and Diseases of Infancy in the Philadelphia Polyclinic ; late Assistant 
Demonstrator of Clinical Obstetrics and Diseases of Infancy in Jefferson Medi- 
cal College. With 8 Plates and numerous other Illustrations. i2mo. 746 pages. 

Cloth, $4.00 

Proposed Contents and Arrangement. — I. Clinical Investigation. II and 
III. Hygiene and Diet. IV. Care of Children of Feeble Resistance, including Sys- 
tematic Developmental Methods. V. Diseases Occurring At or Near Birth. VI. 
Acute Infectious Diseases. VII. General Diseases, Tuberculosis, Syphilis, Malaria, 
Rachitis, Rheumatism, etc. VIII. Diseases of Digestive Organs, including Parasites. 
IX. Diseases of the Liver, Cecum, and Appendix. X. Diseases of the Peritoneum, 
Intestinal Malformations and Obstructions. XI. Diseases of the Respiratory Organs. 
XII. Diseases of the Heart. XIII. Diseasesof the Blood and Blood- making Organs. 
XIV. Nervous Diseases (including Diabetes). XV. Diseases of the Nose, Pharynx, 
and Naso- Pharynx. XVI. Geniio-Urinary Diseases. XVII. Diseases of Degeneracy, 
Thyroid Thymus Glands, Dwarfs and Dwarfing, Cretins, Leprosy. Idiocy, Feeble- 
mindedness, and Insanity, etc. XVIII. Diseases of the Skin. XIX. Injuries and 
Shock. XX. Emergencies — Medical and Surgical. XXI. Diseases of the Bones and 
Joints. XXII. Curvatures of the Spine. XXIII. Pott's Disease. XXIV. Tumors. 

TEMPERATURE Charts for Recording Temperature, Respiration, Pulse, Day of 
Disease, Date, Age, Sex, Occupation, Name, etc. Put up in pads; each .50 

THOMPSON. Urinary Org^ans. Diseases of the Urinary Organs. Containing 32 
Lectures. By Sir Henry Thompson, f.r.c.s.. Emeritus Professor of Clinical Sur- 
gery in University College. Eighth London Edition. 121 Illustrations. Octavo. 
470 pages. Cloth, $3.00 

THORINGTOH'. Retinoscopy (The Shadow Test) in the Determination of 
Refraction at One Metre Distance with the Plane Mirror. By James Thoring- 
TON, M.D., Adjunct Professor of Diseases of the Eye in the Philadelphia Poly- 
clinic ; Ophthalmologist to the Vineland Training School and to the M. E. 
Orphanage ; Lecturer on the Anatomy, Physiology, and Care of the Eyes in the 
Philadelphia Manual Training Schools, etc. With 38 Illustrations, several of 
which are Colored, Second Edition, Enlarged. i2mo. Cloth, $1.00 

TOMES* Dental Anatomy. A Manual of Dental Anatomy, Human and Compara- 
tive. By C. S. Tomes, d.d.s. 263 Illustrations. 5th Ed. i2mo. Cloth, $4.00 

Dental Surgery. A System of Dental Surgery. By John Tombs, f.r.s. 
Fourth Eaition, Thoroughly Revised. By C. S. Tomes, D.D.S. With 289 
Illustrations. i2mo. 717 pages. Cloth, $4.00 

TREVES. German-English Medical Dictionary. By Frederick Treves, p.r.c.s., 
assisted by Dr. Hugo Lang, b.a. (Munich). i2mo. % Russia, $3.25 

Physical Education, Its Effects, Valne, Methods, etc. Cloth, .75 

TUKE. Dictionary of Psychological Medicine. Giving the Definition, Ety- 
mology, and Synonyms of tlie Terms used m Medical Psychology, with the 
Symptoms, Pathology, and Treatment of the recognized forms of Mental Dis- 
orders, together with the Law of Lunacy in Great Britain and Ireland. Edited by 
D. Hack Tuke, m.d.,ll.d.. Examiner in Mental Physiology in the University 
of London. Two Volumes. Octavo. 1477 pages. Cloth, |lo.oo 

"This is an elaborate and valuable contribution to the literature of medical psychology, and 
will be found a valuable work of reference. ... A comprehensive standard book.'* — The 
British Mfdical Journal. 
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TURNBULL^S Artificial AnsestlieBia. A Manual of Anesthetic Agents in the 
Treatment of Diseases also their Employment in Dental Surgery ; Modes of Ad- 
ministration ; Considering their Relative Risks ; Tests of Purity ; Treatment of 
Asphyxia; Spasms of the Glottis; Syncope, etc. By Laurence Turnbull, m.d., 
PH.G., Aural Surgeon to Jefferson College Hospital, etc. Fourth Edition, Re- 
vised and Enlarged. 54 Illustrations. i2mo. Cloth, $2.50 

TUSOU'. Veterinary Pharmacopoeia, including the outlines of Materia Medica 
and Therapeutics. By Richard V. Tuson, late Professor at the Royal Veter- 
inary College. Fifth Edition. Revised and Edited by James Bayne, f.c.s.. 
Professor of Chemistry and Toxicology at the Royal Veterinary College. i2mo. 

Cloth, $2.25 

TUSSEY. High Altitude Treatment for Consumption. The Principles or 

Guides for a Better Selection or Classification of Consumptives Amenable to 
High Altitude Treatment, and to the Selection of Patients who may be More 
Successfully Treated in the Environment to which They were Accustomed 
Previous to Their Illness. By A. Edgar Tussey, m.d.. Adjunct Professor of 
Diseases of the Chest in the Philadelphia Polyclinic and School for Graduates 
in Medicine, etc. i2mo. Cloth, $1.50 

TYSON. The Practice of Medicine. A Text- Book for Physicians and Students, 
with Special Reference to Diagnosis and Treatment. By James Tyson, m.d., 
Professor of Clinical Medicine in the University of Pennsylvania, Physician to 
the University and to the Philadelphia Hospitals, etc. Illustrated. 8vo. Just 
Ready, Cloth, $5.50; Leather, $6.50; Half Russia, $7.50 

** Few teachers in the country can claim a lon^^er apprenticeship in the laboratory and at 
the bedside, none a more intimate acquaintance with students, since in one capacity or another 
he has been associated with the University of Pennsylvania and the Philadelphia Hospital for 
nearly thirty years. Moreover, he entered medicine through the portal of pathology, a decided 
advantage in the writer of a text- book. . . . The typography is decidedly above works of 
this class issued from our publishing houses. There is no American Practice of the same attrac- 
tive appearance. The print is unusually sharp and clear, and the quality of the paper particu- 
larly good. . . It is a piece of good, honest work, carefully conceived and conscientiously 
carried out." — University Al f die al Magazine. 

\^ Sample Pages and Illustrations Sent Free upon Application. 

Gnide to the Examination of Urine. Ninth Edition. For the Use of 

Physicians and Students. With Colored Plate and Numerous Illustrations 
Engraved on Wood. Ninth Edition. Revised. i2mo. 276pages. Cloth, |i. 25 
*^f* A French translation of this book has just appeared in Paris, 

Handbook of Physical Diagnosis. 3d Edition. Revised and Enlarged. 
With Colored and other Illustrations. i2mo. 278 pages. Cloth, $1.50 

Cell Doctrine. Its History and Present State. Second Edition. Cloth, $1.50 

UinTED STATES PHARMACOPCEIA. 1890. Seventh Decennial Revision. 
Cloth, ^^2.50 (Postpaid, $2.77); Sheep, $3.00 (Postpaid, $3.27); Interleaved, 
$4.00 (Postpaid, $4-5o); printed on one side of page only. Unbound, I3.50 (Post- 
paid, 53.90). 

Select Tables from the U. S. P. (1890). Being Nine of the Most Important 
and Useful Tables, printed on Separate Sheets. Carefully put up in Patent 
Envelope. .25 

YAH HARLINGEH' on Skin Diseases. A Practical Manual of Diagnosis and 
Treatment with special reference to Differential Diagnosis. By Arthur Van 
Harlingen, m.d., Professor of Diseases of the Skin in the Philadelphia Poly- 
clinic ; Clinical Lecturer on Dermatology at Jefferson Medical College. Third 
Edition. Revised and Enlarged. With Formulae and Illustrations, several being 
in Colors. 580 pages. Cloth, $2.75 

" As would naturally be expected from the author, his views are sound, his information 
extensive, and in matters of practical detail the hand of the experienced physician is everywhere 
visible." — The Medical News, * 
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YAH MVTS on The Urine. Chemical Analysit of Healthy and Diseased Urine. 
(Jualit.iiive and (Quantitative. By T. C. Van Ni'vs. Ptofessor of Chemistry 
Indiana University. 39 Illustrations. iXtavo. CIotb« |l.oo 

YIRCHOW*S Poet-mortem Ezaminations. A Uescription and Explanation of the 
Mcthoii of I'erforinin}; them in the l>e.ul-House of the Berlin Cnarit^ Hospital. 
with especial rcferrm e to Mediro-legal I*ra( tire. By IVof. ViKCHOw. Trans- 
lated by Dr. T. 1*. Smith. Illustrated. Third Kdttion. with Additions. Cloth. .75 

VOSWIHKEL. Surgical Hurting. A .Manual for Nur^s. By Bkrtha M. Vf«- 

wiNKM.. < tf.iilii.i'.c l.piM (ip.il Muspit.tl. I'hiladelphia: Nurse in Charge Children's 
Hii^pit.il. Ciiliirnhus. 0. in Illustrations. I2inu. 168 pages. Cloth, f 1. 00 

WALKER. Studentf' Aid in Ophthalmology. By Okrtruue A. Walkkr. 

A. II.. M.t>.. ( iinic.il Instructor in I)i!iraM-> nf the Kyc at Woman's Medical 
College of rrnn^ylvania. 40 I llu^tradonn ami Colored Plate. l3roo. Cloth.|t.$0 

WAL8HAM. Surgery ; iU Theory and Practice. For Studenu and Physicians. 
By \Vm. J. Wai-sham. M.ii.. P.K.cs.. .Senior Ass't Surg, to, and I)em. of lYicti* 
cal Surg. in. M. lUrtholomew's Hospital. Surg, to .Metropolitan Free Hospital. 
i^)ntlon. Fifth Kdition. Revised and Knlarged. With 380 Kngravings. 815 
pageN. Cloth. |3.oo ; Leather. |3.SO 

WARD. Votes on Mattage; Including: l-.lementary Anatomy and liiysiologr. 
Bv JF.sMK .M. \Vaki>. Instructor in Ma7»>age in the rrnns\lvania. Philadelphia. 
JcfTcrson. and Woman's liu^pttals; Clinical I^iturer at Philadelphia Polyclinic, 
etc. i2ino. Interleaved. Paper Cover, f 1. 00 

WA&niO. Practical Therapentici. A \f anual for l*hysictans and Students. By 
KtiWAKt) j. WAKi.Nii. M.D. Fourth Kdttion. Revised. Kewnttcn.and Rearranged. 
Crown Octavo. Cloth. I2.00 ; Leather. I3X0 

WAR&EH. Compend Dental Pathology and Dental Medicine. Conuining mil 

the mo!»t note worthy p(>int5 of interest to the I>ental Student and a Chapcer 
on F.mergen* ics. By (iKO. W. Warkkn. d.o.s., Clinical Chief. iVnn'a Collcf^ 
of Dental Surger>'. Phila. Third Kdilion. F.nlarged. Illustrated. Being A#. 
ij T Quiz- Com ptndf S^nfs, 121110. Cloth. .80 

Interleaved for the addition of Notes, ft. 3$ 

Dental Prottheiii and Metallnrgy. 127 Illustrations. Cloth, %\ 35 

WATSOH on Amputations of the Kxtremities and Their Complicationt. By 
B. A. Watso.n. M.o. 330 Illustration V Cloth. I5. JO 

Concussions. An Kx{»eriinental Study of Ixsions arising from Sevete Con* 
cuNMoM«». Kvo. Paper cover. 1 1 jOO 

WELLS. Compend of Gynecology. By Wm. H. Wkli.s. m 0.. Assistant Demon* 

strator «•! « ih^trtr-.r*. JctU'r^i-n .Mc»i:t .il (.'••;lc^:r. Philadelphia ; Fellow of the 
Colte*p:c(>f Pli\Mi taiiHot PhiladetpliM. i fo IiluHtratiuns. f (Jut s-C^tt^ fiend t Sfi^ws 
Ai>. 7. 121110. i !oth. So: I liter lea %*cd for Notes, ft. 35 

WE8TLAHD. The Wife and Mother. A n.«n<PMM»k f^r Mothers. By A. 

Wks11.am>, M.I)., latf Ki-siilchi rh\>ui.in. .\!M-r(lcrn l<o)al Infirmary. Clo. fl.50 

WETHERED. Medical Microscopy. A uinic to the ('>«• of the Microscope in 

Pra<t.<al Mt4ii>ii)c. \\\ Ikask I WfiHKKM> V i» . y K < p.. Demonstrator of 

Prai t:« .«! Mciln :nc. .M'liitlr^rx Mo<«:i.(..l Mf il.< it S' htwil : A\Mstant Phvsician. 

latr l'atn"ii'p;:'.t. iJty ••! l.Mmi.in n'"*j»til l-r P.^cisr^ of Chevt. etc. With a 

l'<i!ii:ti! 1 I itr ar.ii ici Ilii:str.itior.<^. 4i>> 1' i^r%. I 2mu>. Cloth, fl.OO 

WETL. Sanitary Relations of the Coal-Tar Colors. B> Thkoim>re Wcyu 

Aii*.}i<ir:/( •! 1 tanxi.iiii>ii li\ Hi.sh\ I F^ ^ ^1 \.ss. M.i> . f fi.i». i2mo. I ^ pAge*. 

CltMh. fi.35 

WHITACRE. Laboratory Text-Book of Psthology. \\\ \\*^%\i r ]. Wnitm as. 

M i» . I »r-',^-!r i!i.r i-t I'.!: i.j\ M» .'. ■ .li « i-.lt/f <.t oh:o. Cincinnati. IIIus- 

?fa'« ,i w •;» i.M . • J- 1. :!; :-rr • ■ r s Cluth. Si. JO 

WHITE. The Mouth snd Teeth. 1 ^ ' w Umi.i. w i> im> k Cloth, .so 
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WHITS An> WILCOX. Materia Madiea, Pkamaey. Fhamaeolonr, and 

Therapentiet. A Handbook for Studrnu. By \V. Halb White, m d.. f.k.c.f.. 
etc.. I'hyi^ician to and Lecturer on Materia Medica and Therapeutics. (<iiy'§ Hos* 
pitjl; Kxaminer in Materia Medica to the Conjoint Board, etc. Third American 
kijmon. Revised by Reynold W. Wiixox. m.a., m.o., ll,I).. Professor of Clin- 
ical Medicine and Therapeutics at the New York Post Graduate Medical School 
and liospital ; Visiting Physician St. Mark's Hospital; Assistant Visiting Physi- 
cian liellevue Hospiul. Third Edition, thoroughly Revised, ismo. 

Cloth. $2.7S: Leather. $3. IS 

WIL809. Handbook of Hyi^eao and Sanitary Science. By c;eorgr Wiustin, 

MA.. M.I).. F.R.s.E,, Medical Officer of Health for Mid-Warwickshire. Kn>;land. 

With Illustrations. Eighth Edition. i2mo. Fftpanng, 

WIL809. The Snmmer and its Diseases. By James C. W1L.S0N. m.d.. IVof. of the 
Pr.*( lice of Med. and Clinical Medicine. Jefferson Med. Coll.. Phila, Cloth. 40 

WIL809. Sjttom of HaMan Anatomy. 1 ith Revised Edition. Edited by Henry 
Ki>WAKi> Ci^RK. M.D.. M.R.c.s. 493 Illustrations. 26 Colored Plates, and a 
(•los!iiry of Terms. Thick i2mo. Cloth, $5.00 

WIHCKEL. Tez^Book of Ohftetrics ; Including the Pathology and Therapeutics 
of the Puerperal Sute. By Dr. F. WiNCKEt., I*rofessor of Gynecology and 
Director of the Royal University Clinic for Women in Munich. Autnoriied 
TrAnsKiiion by J. Cliftdn EixiAR. A.M., M.D.. Adjunct Professor to the Chair of 
Ohsieincs. Medical Department. University City ol New York. With nearly 200 
ILind^tme Illustrations, the majority of which are original with this work. Octavo. 

Cloth. $S 00; Ixather. $6.00 

WIHDLE. Stir&oe Anatomy and Landmarks. By B. C. A. Wini>i.e. i> sc.m.u., 

rcnfc>Nor of An.«ioniy in Mason College . Birmingham, etc. Second Edition. 
RcM^cil by T. Manners Smith, m r.c.!».. with Colored and other Illustrations. 
121H0. Cloth, $1.00 

W0AKE8. Bea&ess. Oiddinett, and Voiaes in the Head. By Ehward 

\\o\Ki-s. Ml)., Senior Aural Surgeon. London Hospital; a^sl*led by Cl-Ai'D 
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WOODY. Etientialf of Chemiitry and Urinalytii. By Sam E. Woody, a.m.. 
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From the Southern Clinic. 

" We know of no series of books issued by any house that so fully meets our approval as these 
? Quiz-Compends ?. They are well arranged, full, and concise, and are really the best line of text- 
books that could be found for eijther student or practitioner." 



BLAKISTON'S ?QUIZ=COMPENDS? 

The Best Series of Manuals for the Use of Students. 

Price of each, Cloth, .80. Interleaved for taking Notes, $1.25. 

Jl^* These Compends are based on the most popular text-books and the lectures of promi- 
nent professors, and are kept constantly revised, so that they may thoroughly represent the 
present state of the subjects upon which they treat. The authors have had large experience as 
Quiz-Masters and attaches of colleges, and are well acquainted with the wants of students. They 
are arranged in the most approved form, thorough and concise, containing over 600 fine illustra- 
tions, inserted wherever they could be used to advantage. Can be used by students of any 
college, and contain information nowhere else collected in such a condensed, practical shape. 

ILLUSTRATED CIRCULAR FREE. 

No. I. HUMAN ANATOMY. Fifth Revised and Enlarged Edition. Including Vis- 
ceral Anatomy. Can be used with either Morris's or Gray's Anatomy. 117 Illustrations 
and 16 Lithographic Plates of Nerves and Arteries, with Explanatory Tables, etc. By 
Samuel O. L. Potter, m.d., Professor of the Practice of Medicine, College of Physicians 
and Surgeons, San Francisco ; late A. A. Sui^eon, U. S. Army. 

No. 2. PRACTICE OF MEDICINE. Part I. Fifth Edition, Revised, Enlarged, and 
Improved. By Dan'l E. Hughes, m.d., Physician-in Chief, Philadelphia Hospital, late 
Demonstrator of Clinical Medicine, Jefferson Medical College, Philadelphia. 

No. 3. PRACTICE OF MEDICINE. Part II. Fifth Edition, Revised, Enlarged, and 
Improved. Same author as No. 2. 

No. 4. PHYSIOLOGY. Eighth Edition, with new Illustrations and a table of Physio- 
logical Constants. Enlarged and Revised. By A. P. Brub\kkr, m.d., Professor of 
Physiology and General Pathology in the Pennsylvania College of Dental Surgery ; Demon- 
strator of Physiology, Jefferson Medical College, Philadelphia. 

No. 5. OBSTETRICS. Fifth Edition. By Henry G. Landis, m.d. Revised and Edited 
by Wm. H. Wells, m.d.. Assistant Demonstrator of Obstetrics, Jefferson Medical College, 
Philadelphia. Enlarged. 47 Illustrations. 

No. 6. MATERIA MEDICA. THERAPEUTICS, AND PRESCRIPTION 
WRITING. Sixth Revised Edition (U. S. P. 1890). By Samuel O. L. Potter, m.d.. 
Professor of the Practice of Medicine, College of Physicians and Surgeons, San Francisco. 

No. 7. GYNECOLOGY. A New Book. By Wm. H. Wells, m.d., Assistant Demon- 
strator of Obstetrics, Jefferson Medical College, Philadelphia. 150 Illustrations. 

No. 8. DISEASES OF THE EYE AND REFRACTION. A New Book. Includ- 
ing Treatment and Surgery and a Section on Local Therapeutics. By George M. Gould, 
m.d., and W. L. Pyle, m.d. With Fonnulse, Glossary, several useful Tables, and III 
Illustrations, several of which are colored. 

No. 9. SURGERY, Minor Surgery, and Bandaging. Fifth Edition, Enlarged and Im- 
proved. By Orville Horwitz, b.s., m.d., Chnical Professor of Genito-Urinary Surgery 
and Venereal Diseases in Jefferson Medical College; Surgeon to Philadelphia Hospital, etc 
With 98 Formuloe and 71 Illustrations. 

No. 10. MEDICAL CHEMISTRY. Fourth Edition. Including Urinalysis, Animal 
Chemistry, Chemistry of Milk, Blood, Tissues, the Secretions, etc. By Henry Leffmann, 
M.D., Professor of Chemistry in Pennsylvania College of Dental Surgery and in the 
Woman's Medical College, Philadelphia. 

No. II. PHARMACY. Fifth Edition. Based upon Prof. Remington's Text- Book of Phar- 
macy. By F. E. Stewart, m.d., ph.g., late Quiz-Master in Pharmacy and Chemistry, 
Philadelphia College of Pharmacy; Lecturer at Jefferson Medical College. 

No, 12. VETERINARY ANATOMY AND PHYSIOLOGY. Illustrated. By 

Wm. R. Ballou, m.d.. Professor of Equine Anatomy at New York College of Veterinary 
Surgeons ; Physician to liellevue Dispensary, etc. With 29 graphic Illustrations. 

No. 13. DENTAL PATHOLOGY AND DENTAL MEDICINE. Second Editioo, 

Illustrated. Containing all the most noteworthy points of interest to the Dental Student and 
a Section on Emergencies. By Gf.o W. Warrkn, d.d.s.. Chief of Clinical Staff, Pennsyl- 
vania College of Denial Surgery, Philadelphia. 

No. 14. DISEASES OF CHILDREN. Colored Plate. By Marcus P. Hatpibld, 

Professor of Diseases of Children, Chicago Medical College. Second Edition, Enlarg^ed. 

No. 15. GENERAL PATHOLOGY AND MORBID ANATOMY. 91 Illustra- 
tions. By H. Nkwhkrry 1 1 all, PK.r,., m.d., Professor of Pathology and Medical Chem- 
istry, Chicago Po.st- Graduate Medical School. 

No. 16. DISEASES OF THE SKIN. By Jay F. .Sciiambkrg, m.d., Instructor at 

Philadelj)hia Polyclinic. 99 I i lust rations. 

Price, each, strongfly bound in cloth, .80. Interleayed for taking: Ifotes, $1.2S. 



